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FOREWORD 

Three general areas of NASA's Severe Storms and Local Weather Research 
Program included i n  this review were Cloud Physics, Atmospheric Electricity, 
and Storm/Mesoscale Dynamics research. The final t i t l e s  of the individual 
presentations varied somewhat, depending on the particular emphasis o f  the 
designated presenters. The technical aspects of the research efforts  were 
stressed. The individual presentations were deve 
to  the major accomplishments significant current 
recommendations fo r  the coming year's research. 

There were many research topics t o  cover and 

oped to  insure vis ibi l i ty  
efforts and specific plans/ 

t was very important 
t h a t  each person discipline his presentation time. We endeavored t o  make 
the rev'iew just that--a review of the major aspects of the sponsored re- 
search endeavors relative t o  the NASA Program goals. We planned for  the re- 
view t o  be informal, insofar as  practical, and a research team spirit d i d  pre- 
vail and was further enhanced by discussions. To provide for a follow-up by 
the various participants and attendees each investigator was requested t o  pre- 
pare a brief outline of his research project. These are assembled i n  this 
report and will be distributed t o  a l l  attendees and interested individuals. 

t o  the individual research efforts. 
for only a short period of time, whereas others are larger o r  have had nearly 
a year of activity.  However, the opportunity t o  learn w h a t  each investigator 
i s  doing and develop the team relationship necessary for a meaningful research 
program were considered most important though these variations existed. In 
this context, on the fol lowing page, I would like t o  restate the goal of the 
NASA Severe Storms and Local Weather Research Program. 
goal that a l l  research sponsored by the program should be directed. 

We recognized that there would be a rather wide range o f  scopes relative 
Some are very modest o r  have been under way 

I t  i s  toward th is  
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PROGRAM GOAL 

To conduct applied research and development using space 
related techniques and observations tha t  will increase the 
basic understanding of storms and local weather and that  
will help t o  improve the accuracy and timeliness o f  local 
weather forecasts and severe weather warnings. 

The contributions and cooperation o f  a l l  participants and attendees are 
appreciated. T h i s  enabled the review of proceed smoothly and timely. 

William W. Vaughan, Chief 
Atmospheric Sciences Division 
NASA/Marshall Space F l  i g h t  Center 
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NASA/MSFC FY-79 SEVERE STOWS AND LOCAL WEATHER RESEARCH REVIEW 

Introduction: 

Each year NASA supports research efforts  i n  various discipl inary program 
areas. The coordination and exchange of information among those sponsored by 

NASA t o  conduct research studies are important elements of a program. 
the NASA Office of Space and Terrestrial Applications via an Applications Notice 
(AN) invited interested investigators throughout the country t o  communicate their 
research ideas in the research topics identified i n  the AN. Those proposals i n  
the Severe Storms and Local Weather Research area selected and assigned t o  the 
NASA-Marshall Space F l i g h t  Center's Atmospheric Sciences Division for technical 
monitorship, together with the research effor ts  included i n  the FY-79 MSFC Re- 
search and Technology Operating Plan (RTOP) , were the source of principal focus 
and participants for this review. 
t o  be covered, the majority were accommodated dur ing  the two-day review. 

are presented i n  th is  report. 

major research ac t iv i t ies  sponsored by the NASA's Severe Storms and Local Weather 
Research Program, and assigned t o  NASA-Marshall Space Flight Center's Atmospheric 
Sciences Division, an opportunity t o  meet and discuss the i r  programs and future 
plans. In addition, the review provided the NASA Severe Storms and Local Weather 
Research Program Hanager, Dr. James Dodge, the NASA Atmospheric Processes Branch 
Chief, Dr. Shelby T i l f o r d ,  and the MASA/MSFC Research Program Manager, Dr. William 
W .  Vaughan, with a current status report plus research plans for use i n  identify- 
ing  future program needs. 

In 1978, 

While time d i d  n o t  permit a l l  research topics 

The unedited outlines provided by the investigators on their  research effor ts  

As noted, the principal purpose of the review was t o  provide those hav ing  
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AGENDA 

NASA/MSFC FY-79 Severe Storms and Local Weather Research Review 

September 12- 13, IQ7Q 

Hilton Inn, Huntsville, Alabama 

Wednesday, September 12, 1979 

I. REVIEW OVERVIEW VIEWS ( 8 ~ 3 0  - 8:45 A.M.) 
Remarks W. Vaughan/J. Dodge 

11. CLOUD PHYSICS RESEARCH ( 8 ~ 4 5  - 11~30 A. Me ) 
Introductory Remarks W. Vaughan 
Science Review R. Smith 
CPL Status- Gravimetric Verification of 

Ice Multiplication & Data Acquisition System J. Carter 
Stable Electrostatic Levitation of a Thin, 

Saturator Performance J. Anderson 

Charged-Droplet Layer in a One-G 
Static Diffusion Chamber D. Bowdle 

Ice Crystal Growth - KC-135 Experiment 
Cloud Physic s-Atmospheric Electricity Links A. Few 

V. Ke l l e r  /O. Vaughan 

IV. ATMOSPHERIC ELECTRICITY RESEARCH (1.00 - 
Introductory Remarks 
Severe Storm Electricity-Tornado Activity 
Storm Severity Detection ( R F )  
Remote Observation of Severe Storms 
Low Light Level TV Observations 
NOSL & U-2 Measurements 
U-2 Measurements & TRIP Experiences 
Florida Storm Electrical Observations 
Severe Storm Measurements ( R F )  
Aircraft Measurements 

if 

5:30 P. M.) 
W. Vaughan 
D. Rust/W. Taylor/R. Arnold 
R ., Johnson 
R. Orville 
S. Clifton/K. Hill 
B. Vonnegut/O. Vaughan 
M. Brook 
P. Krider 
D. LeVine 
R. Markson 

Y 

V. DINNER ( 6 r O O  P. M.)  

2 



NASA/MSFC FY-79 Severe Storms and Local Weather Research Review 

September 12- 13, 1979 

Hilton Inn, Huntsville, Alabama 

Thursday, September 13, 1979 

VI. ATMOSPHERIC ELECTRICITY RESEARCH (cont'd) (8:30 - 1O:OO A. M) 
Atmospheric Electricity Models L. Parker 
Lightning Sensor (RF)  Efforts 
Lightning Mapper Feasibility Study Status 

T, Shumpert 
W. Wagnon 

a)  Science 81 Application Team Plans A. Few 
b) R F  Team Plans J. Herman 
c) Optical Team Plans w, Wolf 

VII. MESQSCALE/STORM DYNAMICS RESEARCH (1O:OO - 11:30 A. M. ) 
Introductory Remarks W. Vaughan 
Ionospheric - Severe Storm Coupling 
Ionospheric Remote Sites & Operations 
Acoustic & Gravity Waves Generation 
Ionospheric Perturbations- Gravity Waves 

Airborne Doppler Lidar -Severe Storms 

R. Smith 
G. West 
N. Balachandra 

(1977 Case Study) R. Hung 

System J. Bilbro 

VIII. LUNCH (11~30 A.M. - 1:OQ P.M.) 

IX. MESOSCALE/STORM DYNAMICS RESEARCH (cont'd) (1:QO - 4:30 P. M. ) 
AVE SESAME '79 and Cyclone Workshop 

Diagnostic Analysis of Severe Storms 
Mesoscale Structure 81 Dynamics 

Overview R. Turner/K. Hill 
J. Scoggins 

Relative to Severe Storms G. Wil  s on 1 R . Jay r o e 
Frontogenesis Studies Using the AVE Data D. Barber 
Kinetic Energy Budgets -Intense Convection 
A geostrophic Circulation-Severe Storms D. Johnson/C. Wash 
Spectral Characteristics of Mesoscale 

H. Fuelberg 

Variables G. Fichtl/G. WilsonlR.  Turner 

X. SUMMARY (4~30 - 5:OO P.M.) 
Remarks W. Vaughan/J. Dodge/S. Tilford 
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SATURATOR CALIBRATION 

B. J. Anderson, ES83 
MSFC, Alabama, 35812 
20 5-45 3- 52 18 

D. A. Bowdle, USRA Research Associate 
MSFC, Alabama 35812 
205-453-5218 

Accomplishments, FY79: 

Under this research task a method for calibration and 
performance evaluation of an Atmospheric Cloud Physics 
Laboratory (ACPL) type saturation is being developed and 
tested. A saturator is a device which controls the humidity 
within cloud physics experimental apparatus. 
characteristics of the ACPL saturator are designed to define 
the water vapor mixing ratio to within + 0.5%. Thus the 
calibration procedure must be more accurate, to about 5 parts 
in lo4. During FY79 the details of a gravimetric calibration 
method were defined and complete error analyses were made, 
both for the saturator and the test method. The hardware and 
most of the instrumentation for performing the caliSration 
(using a laboratory prototype of the ACPL saturator) was 
assembled and testing was begun. 

The operating 

Current Focus of Research Work: 

Currently tests of the calibration method are being 
run with partial instrumentation. The final, high precision 
instrumentation will be added in a step by step manner as the 
operating procedure is defined. 

Plans for FY-80: 

The gravimetric calibration method will be fully 
developed using the in-house laboratory saturator. A 
report will be prepared which defines the details of the 
method and the complete error analysis. 

Recommendations for New Research: 

An alternate method based on differential pressure 
measurements has been defined and the error analysis 
completed. If unforeseen difficulties make the gravi- 
metric method untractable this method should be developed. 
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DROPLET GROWTH THEORY 

B. J. Anderson 
ES83, MSFC, Alabama 35812 
2 05-45 3-52 18 

J. Hallett 
Dessert Research Institute 
Box 60220, Reno, NV 89506 
702-972-1676 

Maurice Beasley 
Mathematics Dept. Univ. of Nevada 
Reno, NV 89507 
702-784-6773 

Accomplishments, FY79: 

The classical theory of growth and evaporation of 
small water drops has been studied at a low level of effort 
for the past 10 years. A new formulation of the theory is 
now complete. For the first time the spherical geometry 
is correctly accounted for and the boundary conditions at 
the surface of the drop are derived from first principles 
in a manner which clarifies the confusion in the existing 
literature. 

Current Focus of Research: 

The existing theories in the literature are being 
reviewed in the light of the new formulation and a paper 
is being prepared for publication. 

Plans for FY80: 

The work will be terminated after preparation of a 
technical report and publication. The results of this 
study will be incorporated in other research efforts, for 
example, the study of ice crystal growth. 

Recommendations for New Research: 

The physical insight and mathematical formulation can 
be applied to a number of related physical systems, particularly 
the nucleation and growth of ice crystals from the vapor 
and the behavior of atmospheric aerosols. 

6 



RESEARCH ACTIVITIES RELATED TO ICE MULTIPLICATION 

b 

J a m e s  M. C a r t e r  
Un ive r s i t y  of Tennessee Space I n s t i t u t e  
ES83, MSFC, A l a b a m a  35812 
20 5- 4 5 3- 52 18  

S i g n i f i c a n t  Accomplishments FY-79: 

M o s t  of t h e  r e s e a r c h  ef for t  p u t  f o r t h  t h i s  f i sca l  y e a r  
has  been cen te red  around hardware performance t e s t i n g  
and t h e  i d e n t i f i c a t i o n  of a d d i t i o n a l  r e q u i r e d  hardware. 
This  hardware is  p r i m a r i l y  f o r  l a b o r a t o r y  s t u d i e s  of t h e  
ice m u l t i p l i c a t i o n  process .  A f t e r  spending cons ide rab le  
t i m e  on an e f f o r t  t o  count t h e  ice p a r t i c l e s  i n  t h e  mixed 
phase c loud  us ing  a suga r  s o l u t i o n  i n s i d e  t h e  co ld  box, a 
d e c i s i o n  w a s  made t o  develop a system t o  do t h e  count ing  i n  
-- s i t u .  This  system is  a laser b a c k s c a t t e r i n g  d e p o l o r i z a t z n  
system which d e t e c t s  t h e  presence  of ice p a r t i c l e s  by 
d e t e c t i n g  bo th  p o l o r i z a t i o n  components s c a t t e r e d  i n  t h e  back- 
ward d i r e c t i o n  from t h e  mixed phase cloud.  The sc i ence  
accomplishment w a s  determining t h a t  t h e  ice m u l t i p l i c a t i o n  
p roces s  can be modif ied by t h e  a d d i t i o n  of a s u r f a c t e n t  
(oliec a c i d )  t o  t h e  cloud.  The m a n i f e s t a t i o n  of t h e  
s u r f a c t e n t  e f f e c t  i s  no t  t o t a l l y  known. T h i s  i s  p a r t  of t h e  
work planned f o r  FY-80. 

This  i n v e s t i g a t o r  a l so  took on t h e  t a s k  of doing t h e  
c o n t r o l l e r  des ign  for  a d i g i t a l  cassette t a p e  based d a t a  
a c q u i s i t i o n  system and a microporcessor based system. These 
k inds  of systems are r e q u i r e d  t o  h e l p  manage what a t  t i m e s  
can be many sensors which one needs t o  r eco rd  s imul taneous ly ,  
i .e.  a large d a t a  sample or long r eco rd ing  t i m e s .  

Current  Focus of Research E f f o r t :  

The presen t  work i s  d i r e c t e d  t o  g e t t i n g  t h e  i n s t rumen ta t ion  
i n  p l a c e  ana cnecked out  so t h a t  t h e  science work can be 
i n s t i t u t e d  a t  f u l l  e f f o r t  s h o r t l y  a f t e r  t h e  s t a r t  of  t h e  
f i s c a l  year .  

P l ans  f o r  FY-80: 

The work o u t l i n e d  now for  t h e  next  y e a r  e n t a i l s  s t u d i e s  
of t h e  ice m u l t i p l i c a t i o n  p roces s  wi th  t h e  e f f o r t  t o  be 
d i r e c t e d  at  t h e  e f f e c t  of s e v e r a l  d i f f e r e n t  variables. This  
work has  t h e  goal of  t r y i n g  t o  i d e n t i f y  t h e  phys i c s  of t h e  
m u l t i p l i c a t i o n  process .  These variables inc lude  t h e  l i q u i d  
d r o p l e t  s i z e  d i s t r i b u t i o n ,  t h e  s u r f a c e  t e n s i o n  ( a d d i t i o n  of 
s u r f a c t e n t ) ,  a d d i t i o n  of so l id  p a r t i c l e s  and r iming s u r f a c e  
p r o p e r t i e s .  Another p a r a l l e l  t a s k  w i l l  look i n t o  charge  
t r a n s f e r  to/from r iming su r f ace .  



TITLE: Warm and Cold Cloud Processes 

RESEARCH INVESTIGATOR: Dave Bowdle, USRA 
ES83/MSFC, AL 35812 
205-453-5218 

SIGNIFICANT ACCOMPLISHMENTS FY-79: 

1. 

2. 

3. 

4. 

5. 

Determined sensitivity of warm cloud development to 
cloud condensation nucleus (CCN) spectrum using General 
Electric numerical simulator 

Developed equipment for gravimetric evaluation of 
precision saturator 

Determined numerical sensitivity of warm cloud initiation 
to carrier gas composition 

Refined theory of activation of mixed composition CCN 
aerosols 

Completed numerical feasibility study for stable drop- 
levitation technique 

CURRENT FOCUS OF RESEARCH WORK: 

1. Comparison of gravimetric and vapor pressure methods for 
saturator performance verification 

2. Numerical solution of equations from new CCN theory, 
comparison with approximations 

PLANS FOR FY-80: 

1. Preliminary laboratory evaluation of stable drop-levitation 
in prototype static diffusion liquid (SDL) chamber 

2. Build and calibrate precision SDL with electric field 

3. Literature review of scavenging by water drops in 
preparation for laboratory scavenging studies in FY-81 

RECOMMENDATIONS FOR NEW RESEARCH: 

1. Utilize levitation techniques for investigation of other 
problems in cldud microphysics (Kohler theory,lightning 
initiation, drop growth rates, ice physics) and for 
evaluation of their suitability for study in low gravity. 

E 
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ICE CRYSTAL STUOIES IN A STATIC DIFWJSION CHAMBER 

Researchers: Dr. Vernon Heller 
ES83, MSFC, AL 35812 
2 0 5- 4 5 3- 09 4 1 

Dr. B. Jeffrey Anderson 
ES83, MSFC, AL 35812 
205-453-5218 

Research Objective: 

o Identify more precisely the ambient conditions in which 
transitions occur in the ice crystal form. 

o Gain valuable experience in the operation of a chamber 
which is similar to the ACPL static diffusion chamber. 

o Gain insights which will lead to scientific advancements 
independent of low gravity applications. 

* Effect of carrier gas (thermal qnJ vapor diffusivity) 
* Effect of gaseous organic contaminants 
* Electric field and diffusion field interactions 
* Simulated cirrus cloud environment 
* Etc. 

Accompli shment s : 

During FY-79 specifications were developed for a static 
diffusion ice chamber and a contract was let for its construction. 
Design is greater than 90% complete and most drawings have been 
received. 

Current Focus and Plans for FY-80: - 
o Receipt of completed chamber from contractor 

o Interface instrumentation with chamber and calibrate 
chamber performance. 

o Examine ice crystal growth rates and habit changes as a 
function of the thermal diffusivity and water vapor 
diffusivity of the carrier gas in a controlled temperature, 
pressure, and supersaturation environment. 

9 
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GROWTH OF ICE CRYSTALS FROM LIQUID IN LOW GRAVITY (KC-135) 

Researchers: Dr. Vernon Keller 
ES83, MSFC, AL 35812 
205-453-0941 

Mr. Otha H. Vaughan 
ES83, MSFC, AL 35812 
2 0 5- 4 5 3-5218 

Dr. John Hallett 
Desert Research Institute 
Reno, Nevada 89506 
702-972-1576 

Research Objective: 

Examine the effect of reduced convection on ice crystal 
growth from liquid. 

Accomplishments: 

Equipment was designed, constructed, and assembled in-house 
during FY-79. Experiment was successfully flown on the NASA 
KC-135 aircraft the week of August 20, 1979. 

Current Focus and Plans for FY-80: 

The 16 mm - movie films from the KC-135 flight will be 
analyzed. Low gravity resu3ts will be compared with higher 
gravity results Additional KC-135 flights will be scheduled 
as required to verify low gravity 

Recommendation: 

The NASA XC-135 aircraft can 

results. 

be utilized to gain insights 
into the effect of reduced gravity on convection in a static 
diffusion chamber, on particle interactions in an electric field, 
on wicking properties of materials, and on any number of other 
important phenomena which occur on a time scale compatible with 
the approximately 20 seconds of low gravity available in each 
flight parabola of the KC-135. 

10 
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Title: An Assessment of Atmospheric Electrical Mechanisms fo r  Coupling 
Solar Activity w i t h  Weather 

Research Investigator: Dr -Ar thur  A. Few J r .  
Department of Space Physics 
Rice University 
P.O. Box 1892 
Houston, TX 77001 

Research Statement of Work: 

1. Review and assess the causative qhains tha t  include as key l i n k s  
atmospheric electrical  processes, which have been or  may be hypy- 
thesized to  re la te  an observed change i n  the s t a t e  of the Earth s 
atmosphere to  the Sun. 

2. Form and lead the ac t iv i t ies  of a team of experts i n  the several 
disciplines involved i n  the causative chains. 

3 .  Examine physical validity and probability of occurrence of links 
i n  the chains. 

4 .  Identify gaps i n  hypothesized chains. 

5. Formulate a program of experimental investigations. 

Accomplishments FY-79: 

Extensive widespread participation of the sc ien t i f ic  community i n  
considering atmospheric electrical  processes. See 1 i s t i n g  o f  meet- 
ings below. 

1979 Atmospheric Electrical Coupling - Team Meetings 

February 9 - 
February 23 - 
March 9 - 
March 14 - 
March 15 - 
April 9-10 - 
May 30 - 
June 1 - 
June 12  - 
June 18 - 
July 16 - 
July 27 - 
August  2 - 
August 16 - 
October - 
October - 
January - 

Cobb, Dolezalek, Olson, Few & Weinheimer 
Bering, Mohnen, Park, Wolf, Few & Weinheimer 
Anderson , Bering , Burke, Rob1 e ,  Few & Weinheimer 
Cadle, Kasemir, Sartor, Few & Weinheimer 
Boul der Meeting 
Mid Term Review 
Go1 dberg , (Hal e ) ,  Maynard , Few ei Wei nheimer 
Anderson , Dol ezal ek, Hoppel , Ruhnke, Wi 11 e t t  , (other 
NRL sc ien t i f ic  s t a f f ) ,  Few & Weinheimer 
Vonnegut, Few & Weinheimer 
Grobecker & Few 
Illingworth, Orville, Vonnegut, Few & bleinheimer 
Latham & Few 
Final Review Meeting 
Markson & Few 
Marks on 
Ion Chemistry YS Special Session 

11 



Current Focus o f  Research klork: 

Preparation o f  a review paper on results. 

Plans for FY-80: 

Concentrate on detai 1 research o f  more promi sing mechanisms. 

J 
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B. ATMOSPHERIC ELECTRICITY RESEARCH 
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TITLE: SEVERE STORM ELECTRICITY 

PRINCIPAL INVESTIGATOR: Dr. W. David Rust, NOAA/NSSL, Norman, OK, 73069 
(405) 360-3620; FTS 736-4916 

CO-INVESTIGATORS: Dr. Roy T. Arnold, University of Mississippi, 
University, MS , 38677, (601 ) 232-7046 
Mr. William Taylor, PIOAA/NSSL, Norman, OK, 73009 
(405) 360-3620; FTS 736-491 6 

Dr. William W. Vaughan, NASA/MSFC, ES81, Huntsville, AL, 35812 
(205) 453-3100; FTS 872-3100 

Dr. Bernard Vonnegut, State University of New York at Albany, 
ES323, A1 bany , HY , 12203, (51 8 )  457-4607 

ACCOMPLISHMENTS FY-79 

From the start of this research in January, we have been involved primarily 
with instrumentation and data acquisition, including substantial efforts to 
instrument a van as a mobile laboratory. Our operational program was from 
1 April to 24 August. To date the major accomplishment has been the measure- 
ment of a variety of electricity parameters on nonsevere, severe, and tornadic 
storms, including isolated thunderstorms and squall lines. Prel iminary data 
reduction has also begun. The types of measurements made include: 

- dual Doppler, liahtning discharge mapping, video, and lightning Parameters 
on severe storms 

- lightning optical and electric field waveforms to provide basic 
information and relate to satellite sensor development 

- electrical measurements in mesocyclone region of storms 

- lightning radar echoes and associated electric field changes 
CURRETJT FOCUS OF RESEARCH WORK 

We are currently involved in shifting from an operational status (as 
o f  24 August) to data reduction and analysis. 
thus continue into FY 80 and is summarized below. 

Our current focus will 

PLANS FOR FY 8r) 

During the next few months, we will continue preliminary analyses of 
the storm data collected during the past spring and summer. 
also undertake logistical preparations for next storm season, which means 
being ready to collect data by 1 April 198r). 

We must, however, 
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Preliminary data reduction and analyses will include, but not necessarily 
be limited to: 

- lightning optical waveforms versus characteristic features of IC 
and CG flashes 

- lightning location versus radar reflectivity and Doppler-derived 
wind fields in severe storms 

- VHF burst rates as a function of lightning type, altitude of lightning, etc. 
- occurrence and characteristics of flashes lowering positive charge to 
ground 

- lightning parameters in mesocyclone region 
- comparison of lightning radar echoes, lightning discharge mapping, and 
electric field changes for flashes from a severe thunderstorm 

The major logistical and hardware tasks to be accomplished during FY 80 are: 

- building improved optical detectors 
- instrumenting a larger van to include more instrumentation and to 
enhance our ability to collect the necessary data near severe storms 

- modification to the lightning discharge mapping system for increased 
coverage 

- incorporating the 23 cm radar for lightning echoes into the data 
acquisition scheme 

- improved data reduction and analysis capability. 
General plans for next year include encouraging interested colleagues to 

We currently envision making electrical measurements 
join in the spring research effort at NSSL during which storm electricity 
will have a major role. 
from April through June. After the operational season, we will concentrate 
upon increased data analysis. 

RECOMMENDATIONS FOR NEW RESEARCH 

No totally new research is prooosed, but several areas will be expanded. 
Cooperative research efforts on severe storm electricity by other investigators 
is suggested, 
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Title : Storm Severity Detection (RF) 

Research Investigator (s) Involved: 

Dr. R. L Johnson 
Mr. M. L. Bushman 
Division 16 
Southwest Research Institute 
6220 Culebra Road 
San Antonio, TX 78284 

Sipnificant Accomplishment F Y  - 7 9: 

During the period from 1 April 1979 to 1 September 1979, 

Sferic bursts are directionally 
seventy one thunderstorm days were detected by sferic activity and monitored 
over an observation span of 526 hours. 
resolved using a computer instrumented crossed baseline phase interferometer 
operating at 2 MHz with a 2.7 kHz bandwidth. 
provide automatic data acquisition without an operator in attendance. 
system detects a thunderstorm in progress when sferic activity exceeds an 
empirically predetermined noise threshold and automatically logs azirnuthally 
resolved sferic events to disc files. Notable results to date are: (1) detection 
of the tornadic storm in Wichita Falls, Texas on 10 April 1979. 
in time a large and moderately intense electrical storm was in progress 
approximately 250 km northwest of the interferometer site; however, the 
data indicated peak sferic intensity toward the tornadic activity at a distance 
of 500 km, (2) a large center of electrical activity was detected in  the Gulf 
of Mexico and was later determined to be hurricane frBob'r at a range of 
900 km. 
including hurricanes "David1' and "Frederick. It 

Software was developed to 
The 

Coincident 

Data have also been acquired from other oceanic storm activity 

Current Focus of Research Work 

This program is directed toward determining whether or not H F  
sferic activity can be used routinely to discriminate meteorologically severe 
cells from non-severe cells, The H F  detection frequency is chosen for long 
range detection and tracking of meteorologically intense storm cells. To meet 
t h i s  objective the directionally resolved sferic data a r e  correlated with ground 
truth data consisting of NWS weather radar f i lm,  GOES satellite photos and 
SELS Log data from the Severe Storm Forecast Center in Kansas City. 
currently, work is in progress to determine the extent land observation of 
sferic data and meteorological intensity can be extrapolated to oceanic storms. 

Con- 
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Plans for FY- 80:  

1. Increase the precision of cell identification using DF 
and satellite data. 

2. Begin systematic surveillance of the Gulf of Mexico region. 

3. Since R F  lightning observations from space must 
necessarily be conducted above the critical frequency 
of the ionosphere, data acquisition will be made at 
frequencies near the critical frequency as predicted 
by vertical incidence soundings. 
be conducted to determine whether or not the storm 
severity indications observed at 2 MHz a re  also valid 
at higher frequencies. 

Measurements will 

Recommendations for New Research: 

In anticipation of success in the current effort and the F Y- 8 0  
effort, the following is recommended: 

1. Describe and analyze the physical mechanism(s) within 
the storm cell which permit long range detection by the 
existing phase linear DF technique. 
capability to recognize this phenomenon by other 
techniques. 

Determine the 

2. Utilize the long range detection/location technique to 
correlate with results of space-borne sensors of 
all types. 

3. Investigate the feasibility of a space-borne direction 
finding system for a geosynchronous satellite platform. 
A deployment of these sensors similar to the GQES/SMS 
satellites would be appropriate to the long term effort. 

17 
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NASA MARSHALL SPACE FLIGHT CENTER, HUNTSVILLE, ALABAMA - September 12, 13, 1979 

T i t l e :  Remote Observat ions of Severe Storms 

Research Inves t iga to r :  Richard E. Orvi l le  
Dept. of Atmospheric Sc ience  
S t a t e  U n i v e r s i t y  of New York at Albany 
1400 Washington Ave, 
Albany, New York 12222 
Phone: (518) 457-3985 

S i g n i f i c a n t  Accomplishments FY-79: 

1. P u b l i c a t i o n  of t h e  "Global L igh tn ing  F l a s h  Frequency" by R. E. Orv i l le  
and D. W. Spencer, Monthly Weather Revi-ew, - 107, J u l y  1979, 934-943. 
This  paper p r e s e n t s  an a n a l y s i s  of DMSP d a t a  between 60"N and 60"s 
and r e p o r t s  t ha t :  
a. The annual  land-ocean r a t i o  of  g l o b a l  l i g h t n i n g  at dusk ranges 

b. The g l o b a l  land-ocean l i g h t n i n g  r a t i o  is  s i g n i f i c a n t l y  h ighe r  

c .  

d.  

from 8 t o  20. The midnight  land-ocean r a t i o  i s  4 t o  8. 

du r ing  no r the rn  summer than  sou the rn  summer. 
The dusk and midnight f l a s h  f r equenc ie s  peak i n  t h e  0-20"N 
band throughout t h e  year .  
The r a t i o  of g l o b a l  l i g h t n i n g  f l a s h  frequency dur ing  t h e  n o r t h e r n  
summer t o  t h a t  i n  t h e  sou the rn  summer is  1.4 f o r  bo th  t h e  dusk 
and midnight s a t e l l i t e  d a t a .  

e. The g l o b a l  l i g h t n i n g  f l a s h  frequency shows an  inve r se  r e l a t i o n  
when compared t o  t h e  publ i shed  va lues  f o r  t h e  annual v a r i a t i o n  
of t h e  e a r t h ' s  e l e c t r i c  f i e l d .  

2. Recorded s p e c t r a l  s i g n a t u r e s  i n  day and n igh t t ime  thunderstorms from 
243 l i g h t n i n g  f l a s h e s  dur ing  TRIP-79 near  Socorro,  New Mexico. 
w e r e  i n  t h e  400-700 nanometer range. 

3. Analysis  of t he  d a t a  to- date  show s t r o n g  H-beta and H-alpha emiss ions  
above t h e i r  r e s p e c t i v e  d a y l i g h t  background Fraunhofer abso rp t ion  
l i n e s .  

4. On a r e l a t i v e  i n t e n s i t y  scale, H-alpha i s  t h e  s t r o n g e s t  emission 
f e a t u r e  between 400 and 700 nanometers i n  a f l a s h .  

5. We rece ived  a l e a d  su lph ide  d e t e c t o r  i n  J u l y  which w i l l  extend ou r  
spectral  d e t e c t i o n  c a p a b i l i t y  t o  1600 nanometers. 

6. A c a l i b r a t i o n  s t anda rd  t i e d  t o  an NBS s t anda rd  l i g h t  source  has  been 
obtained.  
accuracy of a few pe rcen t  from 300 t o  1600 nanometers, 

A 1 1  

This  w i l l  a l l ow re la t ive  i n t e n s i t y  measurements wi th  a n  

Current  Focus of Research Work: 

1. A d e t a i l e d  a n a l y s i s  of over 300 s p e c t r a  from i n t r a c l o u d  and cloud- 
to-ground f l a s h e s  recorded in TRIP-78 (F lo r ida )  and TRIP-79 (New 
Mexico) i s  p r e s e n t l y  underway. 

2. The mapping of a l l  l i g h t n i n g  s t r e a k s  recorded i n  one year  by t h e  DMSP 
sa te l l i t e s  i s  p r e s e n t l y  be ing  done i n  t h e  Space Science and Engineering 
Center - Unive r s i ty  of Wisconsin. An a n a l y s i s  of t hese  maps w i l l  be 
performed at SUNYA. 
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R. E. Orville 

3. I n  cooperation wi th  D r ,  Robert Sax of NOAA (Miami), w e  p lan  t o  
examine the  l o c a t i o n  of cloud-to-ground f l a shes  i n  a few of 
t h e  SESAME experimental  days. 
p l o t t i n g  ground s t r i k e  loca t ion  d a t a  onto v i s i b l e  and i n f r a r e d  
satelli te images obtained by t h e  Space Science and Engineering 
Center - Universi ty of Wisconsin, 
t h e  pos i t ion  of  ground s t r i k e s  w i l l  be examined with respect  
t o  cloud growth rates and cloud top temperature. 
I n  a n t i c i p a t i o n  of f i e l d  s t u d i e s  i n  1980, w e  p lan  t o  begin a 
labora tory  study of breakdown i n  a i r  a t  wavelengths i n  t h e  near 
in f ra red ,  
our o p t i c a l  mult ichannel  analyzer (OMA) i n  the  800-1600 nm 
range before t h e  next l i g h t n i n g  season. 

These d a t a  w i l l  be examined by 

Using t h e  McIDAS system, 

4. 

This w i l l  provide us wi th  the  opportunity t o  use 

Recommendations f o r  new research:  

Develop an a i rborne  spectrometer f o r  t h e  recording of l igh tn ing  
spec t ra  from a high f l y i n g  a i r c r a f t ,  such as t h e  U-2. This i s  a 
n a t u r a l  s t e p  i n  the  evolut ion of a s u i t a b l e  instrument t o  be flown 
on a satell i te.  
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Ti t l e :  Low-Light-Level TV Observations of Lightning Spectra 

Research Investigators: K. Stuart  Clif ton 
ES64 
Marshall Space Flight Center, AL 35812 
(205) 453-2305, FTS 872-2305 

C .  Kelly H i l l  
ES84 
Marshall Space Flight Center, AL 35812 
(205) 453-2570, FTS 872-2570 

Significant Accomplishments FY79: 

Spectral studies of lightning were conducted by MSFC-SSL, 
July 23 - August 3, 1979 as pa r t  of the Thunderstorm Re- 
search International Program (TRIP) and NASA's Severe 
Storms and Local Weather Research Program. 
were made a t  the Langmuir Laboratory for  Atmospheric Re- 
search near Socorro, New Mexico. The data were obtained 
with the use of low-light-level te levis ion systems supplied 
with transmission gratings with a resu l t ing  spectral  response 
of 3800 a - 8700 8. 
tape. The main objectives of the  observations were t o  evalu- 
a t e  the use of low-light-level TV systems fo r  future l ightn-  
ing research and t o  obtain spectral  signatures of cloud-to- 
ground and intracloud strokes. Due t o  the high sens i t iv i ty  
of the TV cameras, l i t t l e  information was obtained during 
daytime observations. Even with the lens stopped t o  pin- 
hole s i ze ,  saturation from high l igh t  levels  posed a severe 
problem. Nighttime observations were extremely successful, 
however, with thunderstorms observed t o  a distance of 200 
miles. A preliminary analysis of 4 hours and 37 minutes of 
data collected from three nights observation revealed a t o t a l  
of 484 l ightning events recorded. Many of these were diffuse 
events o r  were spa t ia l ly  extended such tha t  no spectral  in-  
formation could be extracted. However, 116 spectra were ob- 
tained of variable quali ty;  33 were c lass i f ied  as having a t  
leas t  several d i s t inc t  l i nes  o r  s t ructures ,  and it i s  an t ic i-  
pated that  much information can be derived from these spectra. 
It i s  f e l t  that  Langmuir studies proved tha t  the low-light- 
level  TV system can be a very effect ive tool  i n  the observa- 
t ion  of nighttime thunderstorm ac t iv i ty .  It appears that  
such a system would be of par t icular  value from a space- 
based research platform. 

The studies 

The resu l t ing  data were recorded on video 

Current Focus of Research Work: 

Current research e f fo r t s  are  involved with the reduction 
and analysis of the Langmuir data. 
ging of each observed lightning event and the preparation 
of an edited video tape i n  which each video frame of a 

This  includes the log- 
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selected event i s  appropriately annotated. The analog 
video signal is  then converted i n t o  d i g i t a l  format and 
stored on d i g i t a l  tape.  The d i g i t a l  data  serves as in-  
put i n t o  an Image D a t a  Processing System (IDAPS) which 
i s  coupled t o  an IBM 360 computer. The da t a  can now be 
manipulated i n  a va r i e ty  of ways and the  spec t ra l  l i n e s  
can be iden t i f i ed .  In addi t ion t o  spectral i den t i f i ca t i ons ,  
t h e  data  w i l l  be analyzed as t o  frequency of events,  and 
type of l ightning ( intracloud o r  cloud-to-ground). The 
r e s u l t s  of these  invest igat ions  w i l l  be reported i n  appro- 
p r i a t e  journals .  

Plans fo r  FY80: 

It i s  proposed tha t  ground-based observations of l igh tn-  
ing with the  use of low- light- level t e l ev i s ion  systems 
be continued during f i s c a l  1980. In addi t ion,  i t  i s  pro- 
posed t h a t  the  t e lev i s ion  camera be placed aboard Lear 
j e t  a i r c r a f t  and flown a t  a l t i t u d e s  commensurate with t he  
tops of thunderstorms i n  the  area surrounding Socorro, New 
Mexico. Such air-borne f l i g h t s  should r e s u l t  i n  a l a rge r  
s t a t i s t i c a l  sample of intracloud l ightning a c t i v i t y  than 
i s  possible from ground based observations. It i s  a n t i c i -  
pated t h a t  the  spec t ra l  s ignatures of both cloud-to-ground 
and intracloud l ightning s t rokes  as seen by low-light- level 
TV cameras can be obtained. Furthermore, it i s  proposed 
t h a t  the  spectrum of s t e p  leaders  be invest igated with 
t e lev i s ion  systems. The d i f f i c u l t y  i n  obtaining such a 
spectrum i s  the  fa in tness  of the  leader coupled t o  the  
brightness of the  following r e tu rn  stroke.  It i s  thought 
t h a t  low- light- level  t e lev i s ion  cameras using s i l i c o n  tar- 
ge t s  could be e f f ec t ive  i n  t h i s  e f f o r t .  

J 
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TITLE: DEVELOPMENT AND TESTING OF NOSL SYSTEM 

RESEARCII INVESTIGATORS: B. Vonnegut, P I  
S t a t e  Universi ty of New York a t  Albany 
Albany, N.Y. 12222 

0. H. Vaughan, Jr., Co-I 
ES83/MSFC, AL 35812 
205-453-5218 

Marx Brook, Co-I 
New Mexico Tech 
Socorro, New Mexico 87804 

SIGNIFICANT ACCOMPLISHMENTS : 

1. Through v i s i t s  t o  Johnson Space Center and Marshall Space F l igh t  
Center a ss i s t ance  and consul ta t ion  has been rendered on the  development 
of t h e  MOSL 16 mm camera and tape  recorder system t o  be used i n  t h e  Space 
Shu t t l e  f l i g h t s .  With t h e  cooperation of Professor Richard Orv i l l e  a t  
t h e  State Universi ty of New Yorlc a t  Albany d i f f r a c t i o n  g ra t ings  have been 
furnished t h a t  w i l l  be used during nighttime observations of l ightning 
.with the  NOSL equipment t o  supply s p e c t r a l  da ta  on t h e  l igh tn ing  t h a t  i s  
occurring . 

2. During t h e  TRIP 79 Program car r i ed  out  at t h e  New Mexico I n s t i t u t e  
of Mining and Technology at Socorro f i e l d  observations have been ca r r i ed  
o u t  using a prototype of the  NOSL equipment constructed by the  Johnson 
Space Center. 
problems during da ta  c o l l e c t i o n  and camera operat ions.  
problem w a s  found t o  be a mis-match i n  a control  switch c i r c u i t .  
test hardware is being checked t o  see i f  t h e  same problem can occur. 

F ie ld  t e s t e d  indicated t h a t  the re  w e r e  in te r fe rence  
The in te r fe rence  

F l igh t  

3 .  I n  preparat ion f o r  t h e  NOSL experiment f u r t h e r  observations 
Two modified have been ca r r i ed  out with the  Bolex photocell  system. 

Bolex cameras have been supplied t o  D r .  D. Rust of t h e  N O M  Severe 
Storm Laboratory a t  Norman, Oklahoma. Data w a s  co l l ec ted  using t h e  
cameras during t h e  SESAME "79" Program and da ta  is  now being analyzed. 

CURRENT FOCUS OF RESEARCH WORK: 

Experiments made during TRIP-79 showed t h e  f e a s i b i l i t y  of l igh tn ing  
photography by day o r  by night  u t i l i z i n g  t h e  super-8 camera t r iggered by 
e i t h e r  radio  frequency emination from t h e  l igh tn ing  o r  from a photocell  
de tec ted  o p t i c a l  s ignal .  
l apse  mode is  incapable of recording t h e  d e t a i l s  of t h e  s igna l  from t h e  
o p t i c a l  sensor, t h e  experiments suggest t h a t  a l a r g e  amount of useful  da ta  
could be obtained at reasonable cost  by recording the  l igh tn ing  with a 
t r iggered camera when it  occurs and by recording t h e  output of t h e  photo- 

While the  super-8 sound camera i n  t h e  t i m e  

a 
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electric system continuously on a cassette or reel-to-reel recorder. 
Identification of flashes on the camera taken on the camera film and 
on the tape recorder could be accomplished by visual time indications 
on the camera and by time code or WWV on one of the channels of the 
tape recorder. 

PLANS FOR ET 80: 

It appears highly desirable to obtain data and with a camera and 
photocell optical apparatus looking down on the top of thunderstorms, 
particularly those of the large severe variety that produce tornadoes. 
Accordingly, we are proposing to make further U2 flights with equipment 
of the sort used in the TRIP-79 program with emphasis on nocturnal flights 
and with the addition of a diffraction grating for the camera and 
supplementation of the optical data with slow antenna recordings. 

RECOMMENDATIONS FOR NEW RESEARCH: 

Thus far experimentation with the NOSL type equipment has involved 
the use of conventional cameras using photographic film. It appears 
desirable to explore the possibility of television type cameras 
supplemented with photo-optical equipment to obtain the signature of 
lightning. It would appear desirable to construct equipment of this 
sort to be flown on high altitude aircraft and on high altitude ballons 
with real time readout provided at the ground. 

J 
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TITLE: OPTICAL MEASUREMENTS OF LIGHTNING USING U-2 

RESEARCH INVESTIGATORS: Marx Brook 
New Mexico Tech 
Socorro, New Mexico -87804 

Otha H. Vaughan,. Jr. 
ES83/MSFC, AL 35812 
205-453-5216 

Bernard Vonnegut 
State University of Wew York at Albany 
Albany, N.Y. 12222 

SIGNIFICANT ACCOMPLSIHMENTS N- 79: 

We were successful in programming the U-2 24 hours in advance for 
We one flight near Langmuir lab while a thunderstorm was in progress. 

have one discharge (there may be others) for which the U-2 and the 
ground records can be matched. 
background noise ratio which exceeds 50:l. 

The record shows an optical signal to 
The results are encouraging: 

1. Three return strokes are easily identified 

2. A number of small pulses can be associated with intracloud activity. 
E-field changes and radiation at 10 cm accompany the optical pulses. 

3 .  
to about 250 microseconds. 
measurements. 

Risetimes of the U-2 optical pulses vary from about 125 micoseconds 
These results are similar to the ground based 

The lightning flash discussed above is the only one we fomd which can 
be matched to our ''ground truth'' records. 
about 1.5 hours in the vicinity of Socorro, the pilot wandered off to a more 
active storm for a part of the time. 

Although the overflight lasted for 

CURRENT FOCUS: 

Last fall we were provided the opportunity to instrument a U-2 aircraft 
for 3 flights over active thunderstorms within a 1000 mi radius of Moffett 
Field. 
was planned in conjunction with the TRIP '79 Program in Socorro, N. M. The 
principal objectives were: 

A simple program of optical measurements of lightning and clouds 

1. To obtain high time resolution ( l-sec) records of luminous events 
* associated withlightning from an altitude of 65,000 feet above the clouds. 

This measurement was planned to help judge the feasibility of using optical 
signatures for distinguishing ground flashes from cloud flashes. 
concerned with the amount of light emerging from the cloud top, and with 
the effects of multiple scattering (multipath effects) on the risetime 
and duration of the pulses. 

We were 

2. To record at the Earth's surface during the time of the U-2 over- 
flights the optical emissions seen from below the cloud and to compare the 

J 
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op t i ca l  pulses with the e l ec t ros t a t i c  and radio frequency s ignals  f o r  
the  iden t i f ica t ion  of f l a s h  type, number of strokes, etc. 

3. To obtain s tereo photographs (60% overlap a t  30,000 f ee t )  of the  
tops of growing cumulus clouds. 

4. To obtain night-time photographs of l ightning discharges which 
emerge from the cloud top and propogate i n  an upward direction. 

PLANS FOR N 80: 

W e  conclude that  a i r c r a f t  f l i g h t s  over storms w i l l  give us t he  kind of 
information needed to  study the f e a s i b i l i t y  of op t ica l  monitoring of global 
l ightning from satellites. Additional measurements of t h i s  type are indicated. 
An e l e c t r i c  field-change sensor should be added t o  the a i r c r a f t  t o  f a c i l i t a t e  
interpreta t ion of the  events when ground measurements may not be available,  
e.g., over tornadoes or  hurricanes. 
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Title: Lightning at the NASA Kennedy Space Center 

Investigator: E. Philip Krider 
Institute of Atmospheric Physics 
University of Arizona 
Tucson, AZ 85721 
(602) 626-1329 

-1211 

Abstract: Multi-station measurements of the total change in the 

thundercloud electric field can be used to detect and 

locate lightning. The spatial and temporal evolution of 

lightning during three storms at the Kennedy Space Center 

will be presented in a short motion picture, 
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Title: Recent Advances in the Detection of Cloud-to-Ground 

Lightning 

Investigators: E. P. Krider, A. E. Pifer, and M. A. Uman 
Lightning L. & P., Inc. 
2030 E. Speedway, # l o 2  
Tucson, AZ 85719 
(602) 795-7634 

Abstract: Extensive networks of lightning detection systems 

have been installed throughout the western United States, 

Alaska, and Canada to facilitate the detection of 

lightning-caused forest fires. 

installed for research in atmospheric electricity and 

Other systems have been 

for evaluating the effects of lightning on electric power 

distribution systems. Several Examples of the system 

outputs during the summer of 1979 will be discussed, 
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THE PHYSICS OF RF RADIATION FROM LIGHTNING 

FOR 

APPLICATION TO REMOTE SENSING OF SEVERE STORMS 

INVESTIGATOR: D. M. Le Vine 
NASA/Goddard Space Flight Center 
Code 946 
Greenbelt, Maryland 20771 
301-344-8059 

ACCOMPLISHMENTS: 

o TRIP-79: Two weeks at Langmuir Laboratory yielded data from two 
close storms. Simultaneous measurements of fast electric field changes 
and RF radiation were made for comparison with similar measurements made 
in Florida. The comparison will test hypotheses concerning the origin 
of RF radiation during return strokes. 

$ 

o MODELLING: A theory has been developed which explains the radio 
frequency spectrum of radiation from return strokes. Channel tortuosity 
appears to play an important role at HF and VHF frequencies ('IThe 
Influence of Tortuosity on the Spectrum of Radiation from Lightning 
Return Strokes," NASA TM-79544, Le Vine). 

. ~" ... 

o SOURCE OF STRONG RF RADIATION: Experiments during TRIP-78 ind 
cate cloud processes as sources of very strong RF radiation. The 
strongest RF radiation of all appears to come from an unusually fast 
intracloud event with many fharacteristics of a K-change ("Sources of 
the Strongest Radiation from Lightning,'' NASA TM-80265, Le Vine). 

o FLASHING RATE STATISTICS: Flashing rate statistics from sever 
storms in Florida have been ana'lyzed. Simultaneous occurrence of flashes 
is important for active storms. With overlapping taken into account, 
both data and theory suggest a lognormal density function for the time 
between flashes ("Rate Statistics of Radio Noise from Lightning,'' 
Le Vine, Meneghini, and Tretter, National Radio Science Meeting, USNC/ 
URSI, June 1979). 

FOCUS OF PRESENT RESEARCH: 

This research program focuses on determining the characteristics of RF 
radiation from 1 ightning (amp1 itude, spectrum, etc.) and at understanding 
the mechanisms responsible for its production. Ultimately, we are 
interested in establishing the relationship between the signal detected 
by a sensor (perhaps in space) and the parameters o f  the lightning which 
produced that radiation. We feel that this i s  an important step in 
developing lightning as a tool for severe storms research. 
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PLANS FOR FY80: 

o INVESTIGATION OF CLOUD PROCESSES: Previous experiments have 
identified cloud processes as significant sources of strong RF radiation. 
Experiments are planned to improve our understanding of  cloud processes 
and to characterize RF radiation from them. 

o SPECTRAL MEASUREMENTS (RF): Measurements are planned to provide 
additional information about how the RF signal from lightning depends on 
frequency. Since a lightning flash consists of many distinct events, 
we propose to: a) examine first return strokes and compare measured 
spectra with theories suggesting a dependence on channel tortuosity, and 
b) determine how the spectrum of return strokes i s  related to the 
spectrum o f  other events. 

o IDENTIFICATION OF FLASH TYPE: Evaluate data sets from TRIP to 
determine how reliably flash type (C-G or C-C) can be determined from 
its RF signature and whether this is feasible from space. 

NEW RESEARCH : 

o RF MEASUREMEllTS AND L I GHTN I NG PHOTOGRAPHS : The' GSFC research 
program has produced significant evidence that channel tortuosity is 
important in determining radiation from lightning. Simultaneous photo- 
graphs of channels and RF measurements would be a big step toward 
verifying these hypotheses and unders.tanding mechanisms responsible for 
RF radiation. 

o COMBINED RF AND OPTICAL SIGNAL MEASUREMENTS: High time resolution 
measurements of RF radiation and fast electric field changes have been 
productive in providing insight about the physics of RF radiation. It 
is proposed to repeat thesd measurements adding an optical channel. 
The emphasis heresis to be on high temporal resolution (e.g., using 
digital sample-and-hold devices) investigation of single events so that 
time delay and rise time can be-measured. 

o EVALUATION OF INTERFEROMETRIC TECHNIQUES FOR MONITORING LIGHTNING 
FROM SPACE: This is to be a comparative study of several different tech- 
niques (amplitude and intensity interferometers, and multiple frequency 
correlation) for detecting 1 ightning from space. Simulated electric 
field waveforms would be used to assess performance. 
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AIRCRAFT MEASUREMENTS 

Ralph Markson 

Airborne Research Associates and Mass. Inst. of Technology 
46 Kendal Common Road 

617-899-1834 Cambridge, Mass 02139 

Dept. Aeronautics & Astronautics 
Weston, Mass. 02193 W-9 1-206 

617-253-2708 

The support from NASA this summer at Socorro was to gain 
experience operating the modified movie camera developed by Bernard 
Vonnegut and NASA (as the NOSL camera) from a high flying aircraft. 
This camera records the presence of lightning in the field of view as 
clicks on the soundtrack when a photocell senses electromagnetic 
radiation emitted by the lightning. The objective of the field testing 
was to simulate, as much as possible f rom an aircraft,  the view and 
operating conditions that the astronauts will experience when utilizing 
this camera on the Space Shuttle. Human factors and operational 
problems were to  be evaluated, as well as the camera's ability to 
sense and record lightning which is generally invisible to the eye 
(particularly in daylight). 

Thunderclouds were photographed on six flights by three different 
operators (0. H. Vaughan, J. Sedlacek and R. Markson). Also, some 
thunderstorm clouds were photographed f rom the ground. 
model (modified Bolex) and NASA developed (NOSL) cameras were utilized. 
The major operating difficulty proved to be  in hearing the clicks on the 
audio monitor over the high ambient noise level (similar to what will be 
on the Shuttle). 
clicks were recorded, most of the film has not been processed yet and 
it is not known what was recorded. 
livered to 0. H. Vaughan who will do the analysis. 

Both the early 

While preliminary analysis indicates some lightning 

Al l  films and logs have been de- 

During these flights, a s  a secondary objective, measurements were 
also made of electric fields and conductivity using new instrumentation 
which is still under development. 
signed and underwent preliminary testing. It appears to work and offers 
the possibility for measuring thunder s torm intensity electric fields near, 
as well as within, clouds with relatively cheap, light and simple instru- 
mentation. In addition, new design conductivity tubes developed by B. 
Vonnegut were operated on an aircraft  €or the f i r s t  time and worked well 
in clear air. 

A new corona point system was de- 

(No conductivity tubes will work within clouds). 

Because of operational problems with the engine and turbocharger, 
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combined with the fact that the thunderstorms generally did not become 
electrified until they topped out in the low 30,000 ft. height range, we 
could not fly over the anvils. My primary research objective relative 
to the study of thunderstorm electrification, has been to measure the 
condition current over the tops of anvils and to relate this to cloud top 
structure (turrets) because there is reason to believe that a "screening 
layer" at the cloud surface strongly controls the charge flowing between 
the cloud and the region above it. 
the TRIP program using a modified Bellanca single engine aircraft, it 
has become clear that an aircraft with a higher ceiling is necessary for 
this research. The most practical aircraft, considering operating cost, 
flexibility of operation, load carrying ability and performance would be 
a turbocharged Beechcraft Baron. Standard versions of this twin engine 
propeller driven aircpaft have been routinely flown at 37,000 f t  and had 
some climb capability left at  that altitude. With stretched wings 
(2  m span)as on the present aircraft the Baron should reach 40,000 f t  
which is sufficiently high to top most thunderstorms at  Socorra and in 
many other regions. 
is not safe or practical because of physiological factors. 

Af te r  several years experience in 

Going any higher in a non pressurized aircraft 

This proposed aircraft would serve as  a platform for several related 
complementary investigations, 
duction current-cloud top structure measurements (using electric field, 
conductivity, infra red cloud top temperature and photography), lightning 
VHF observations with an interferometer (J. Warwick), lightning optical 
observations (R. Orville) and lightning low light level observations (S. 
Clifton). 
different regions (Alaska, SW United States, maritime storms) and the 
flexibility of operation with the investigators controlling the aircraft and 
instrumentation would offer a unique opportunity to study thunder storm 
electricity in a highly cost effective flight program. 

Tentative plans include besides the con- 

Being able to carry this array of sensors to thunderstorms in 

Such observations a re  important to the study of severe storms because 
they would allow: 

1. Comparison of various sensing techniques to help in deciding 
which lightning detection techniques should be used on satellites. 
bility of "ground truth" comparisons with satellite sensors. 

Possi- 

2. Views of thunderstorm tops from the perspective of satellites. 

3.  Evaluation of the relationship of lightning intensity and 
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occurrence with the overall electrical generating output of a thunder- 
cloud. 
where only a conduction current flows; this must be the sum of the 
numerous currents flowing through various processes between the 
earth and base of the thundercloud. 

The only reliable way to measure this is above the storm 

4. Study of the relationship of cloud top structural electri- 
fication, e. g., if the screening layer controls the transfer of charge 
between the cloud and upper atmosphere it would follow that only clouds 
with boiling turrets a re  effective generators of electricity and the 
cloud structure as  observed from above would be a diagnostic tool 
since electrification appears to be associated with severe storms. 
Similarly the height of cloud tops is probably highly correlated with 
the electrification of the clouds and this relationship could be deter- 
mined with the proposed measurements. 

5. Study the relationship of lightning in the clouds (detected 
by the interferometer and possibly a photocell array or scanner) to 
the intensity and location of precipitation within the clouds (determined 
by the aircraft's "storm avoidance" radar), This ultimately could lead 
to better techniques for  aircraft to avoid dangerous parts of cumulus 
clouds. 
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Title: Atmospheric Electricity Models 

Research Investigator: L. W. Parker 
Lee W. Parker, Inc. 
252 Lexington Road 
Concord, Mass. 01 742 
Tel . (61 7) 369-1 490/5370 

Significant Accomplishments FY-79: 

Surveyed prominent models of cloud electrification in order to shed 
light on question o f  how modeling and experimentation can be used for 
interpreting satellite (or ground) observations of 1 ightning in terms of 
the likelihood of severe storms or dangerous convective patterns. 

Organized models in classes ("precipitation", "convection", and "gen- 
eral"), in terms of their strengths and weaknesses, and what they can and 
cannot do. 
changing mechanisms, dimensional ities, and degrees of sophistication. 

Considered the nature of their inputs and outputs, the various 

Participated in TRIP/79 at Socorro, visited NCAR and South Dakota 
School of Mines and Technology, discussed various aspects of the theory- 
experiment interaction with experimenters and theorists. 
mation on instrumentation relevant to modeling. 

Surveyed infor- 

Current Focus o f  Research Work: 

of prominent models and their characteristics .) 
personal contacts. Preparing report and recommendations. 

Distilling and refining results of survey. (See Attached tabulation 
Updating data through 

Plans for FY-80: 

Plan to investigate screening layer dynamics with more precision than 
available to date. 
must be covered in order to theoretically study the Vonnegut concept, and 
interactions between convection and electrification more generally. 

This is a significant gap in the models available, and 
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Recommendations for New Research: 

Besides improving screening-layer theory, put more sophisticated 
microphysics into the general models. Another recommendation is to 
provide "modular model i ng" software for experimenters, and perhaps a1 so 
a "retrospective modeling" capability using well-documented circulation 
and water distributions with time. A final general recommendation is to 
do whatever is possible to more strongly couple modeling and experiments. 
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RESEARCH ACT1 V IT1 ES 
AUBURN UNIVERSITY 

Analytical/Experimental Sbpport for 
Determining the Feasibility of Detecting 

and Measuring Lightning Discharges 
from a Space Platform 

Thomas H. Shumpert 
Martial A. Honnell 

Electrical Engineering 
Auburn University 

Auburn, Alabama 36830 
Phone: (205)826-4330 

FY-79 Accompl ishments 

Extensive 1 iterature search and preparation of review paper for 1 ightning 
workshop 

Presentation of review paper entitled "The State of Technology in 
Electromagnetic (RF) Sensors (for Lightning Detection)" at HASA/UTSI 
Workshop on the Need for Lightning Observations from Space 

Participation in workshop as member of the Electromagnetic Techniques 
Comi ttee 

Set-up lightning observation station at Auburn University which includes 
VLF ("7kHz) orthogonal loops for directional information, remotely 
directed VHF and UHF antennas and broadband receiver for spectrum in- 
formation from 20MHz to 2GHz, remotely directed SHF antennas and narrow- 
band receivers for spectrum information from 2GHz to 30GHz 

Current Focus of Research 
and Plans for FY-80 

Continued development of and improvement in data measuring facilities 
and capabilities for the detection and identification of lightning 
characteristics 

Data collect-on and spectrum analysis of VIF, UHF, and SHF lightning 
emissions 

Investigation of polarization characteristics vs spectrum characteristics 

Scatter properties of commercially generated signals (AM,  FM, TV, etc.) 
by ionized channels 
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Lightning-induced interference in comnunication sate1 1 i tes up1 inks 

Numerical investigation of strengths and characteristics of signals at 
synchronous/nonsynchronous a1 ti tudes produced by pseudo-arbi trary 
ionized channels 

Numerical prediction of scatter properties of commercial signals by 
pseudo-arbi trary ionized channel s 

Range/position determination schemes utilizing ionized channel scatter 
of locally transmitted signal (generalized monostatic and bistatic 
radar considerations) 

Correlation with and utilization of sensors, detection schemes, and data 
collected by electromagnetic pulse (EMP) community 

Recommendations for New Research 

Accumulate (with ready availability to all investigators) an extensive 
data base of actual recorded lightning emissions including sensor-system 
characteristics 

Repeated analysis of data base for common data characteristics dis- 
tinguishing stroke type (intracloud or cloud-to-ground) , storm type/ 
severity (rain, hail, tornadic, etc.), or other definitive parameters 

Establish one or more synchronous platform RF sensors with different 
threshold levels for determining baseline signal strengths at synchronous 
a1 ti tude 

Support all (as many as possible) space-based observations with ground 
truth measurements 

Improve existing models and generate new models for simulating 1 ightning- 
produced emi ssi ons 

Seriously investigate "active" vs "passi vel' sensor/detection systems 
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RESEARCH ACTIVITIES 

TITLE: Lightning Mapper Feasibility Study 

RESEARCH INVESTIGATORS: 
Wayne Wagnon, MSFC (EC31) 453-4623 
Warren Harper, MSFC (EC31) 453-4621 
Thomas Barnes, MSFC (EC31) 453-1574 

SIGNIFICANT ACCOMPLISHMENTS IN FY-79: 

Following the "Workshop on the Need for Lightning Observations 
From Space'' held February 13-15, 1979, considerable time 
was spent studying, organizing and evaluating the require- 
ments that were presented by the scientific and applications 
(user) communities. The purpose of this activity is to 
arrive at a comprehensive set of requirements together 
with their associated rationale, data formats, accuracies, 
etc. Several detector types were selected for investigation 
to determine characteristics, performance and applicability 
for lightning detection. Video recording equipment was 
assembled for recording lightning flashes for further study 
and evaluation. Two excess antenna mounts were located at 
KSC and thei transfer requested to MSFC. 
of current test facilities and assessed against future 
requirements. A matrix of sensor system requirements was 
initiated. 
conducted with emphasis on potential windows (bands) for a 
satellite system. A study was initiated to define potential 
flight opportunities aboard aircraft and balloons. A plan 
was developed for the Science and Application Team for proposal 
development. 

A review was made 

An overview of the RF frequency spectrum was 

Current Focus of Research Work: 

Efforts are being made to expedite the transfer of the two 
antenna mounts from KSC. The requirements matrix is being 
revised based on recent information that will make it more 
useful. Video recording of local lightning in thunderstorms 
continues. The recently purchased equipment for test, 
evaluation and calibration of radiation sources and detectors 
is being checked out and set up for laboratory operation. 
A list of needed technical support is being finalized. Plans 
continue in the formulation and organization of the Science 
and Application Team to be responsible for the generation 
of a technical proposal during FY-80. Investigations of 
aircraft and balloon flight opportunities continue. Numerous 
meetings and coordination sessions are being held to 
formulate and document the several tasks that will be required 
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during FY-80 to  support t h e  inhouse study activities- 
t u r e  surveys of spec i f i c  measuring programs is a continuing 
ac t iv i t y .  
gra t ings ,  antennas, receivers, etc. are st i l l  being worked 
and updated- 

L i t e r a -  

Inhouse test plans for various detector types, 

Plans for  FY-80: 

The majori ty of t h e  e f f o r t  i n  FY-80 w i l l  be organized i n  t w o  
areas with both supporting a s ing l e  ob jec t ive -  
are t h e  inhouse activit ies (s tudies ,  t rade- offs  , tests, 
evaluations, modeling, documentation, etc.) and the  contracted 
a c t i v i t i e s  t o  support t he  inhouse program- The primary 
ob jec t ive  is to  arrive a t  a preliminary proposal i n  May and 
a f i n a l  proposal i n  August t o  be submitted t o  Headquarters. 
It is ant ic ipated t h a t  a l l  these  a c t i v i t i e s  w i l l  provide a 
bas i s  f o r  t he  development and preparat ion of a proposal 
t h i t  w i l l  contain t h e  requirements f o r  a sensor system t o  
s a t i s f y  t h e  maximum number of users.  
severa l  t r ade  s tud i e s  w i l l  be conducted, various de tec tors  
w i l l  be evaluated, models w i l l  be developed and exercised, 
tests w i l l  be performed t o  s a t i s f y  c e r t a i n  da ta  requirements 
and most important of a l l  the  proposal w i l l  contain t he  input  
and c r i t i ca l  review of t he  bes t  exper ts  i n  t he  f i e l d .  

The two areas 

To support t he  proposal, 

Recommendations f o r  New Research: 

It is recommended t h a t  research (or add i t iona l  research) be 
conducted i n  t he  following areas: 

Numerical modeling of l igh tn ing  c h a r a c t e r i s t i c s  i n  
order t o  pred ic t  and understand b e t t e r  the  measure- 
ments now being made. 

Invest igate  t he  re la t ionsh ip  of thermal gradients  
t o  l igh tn ing  paths i n  thunderstorms. 

Support instrumentation on a platform t o  complement 
a l ightning sensor. 
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RF INTERFERENCE AND PROPAGATION PROBLEMS APPLICABLE 
TO A SATELLITE LIGHTNING SENSOR 

John R. Herman 
Radio Sciences Company 
624 Tulane Avenue 
Melbourne, Florida 32901 
tele : (305) 723-7425 

Significant Accomplishments FY-79 

Our efforBs to date have been modest, and concentraced on a broad-brush, 
preliminary survey to identify the rf noise and propagation elements possibly 
affecting the design and operation of a satellite rf system for lightning 
detect ion, me a suremen t and mon 5 toring. 

greatest promise for minimizing deleterious propagation effects. 
the ionosphere imposes severe effects (eg, absorption, scattering, refraction) , 
and above 3 GHz the atmosphre plays an increasingly greater part in signal 
attenuation and scattering. Unfortunately, the characteristics of both the 
desired lightning signature and the undesired background noise are less well 
known in the VHF/UHF bands than in lower frequency bands, so some tradeoffs will 
likely be necessary. 

Above the ionospheric critical frequency, signals from terrestrial trans- 
mitters (eg, communications, radar, broadcast) penetrate into space with such 
high intensity that it will be imperative to select operational frequencies in 
protected bands, such as the guard bands of standard time transmitters or the 
radio astronomy bands. 

At present, it appears that frequencies in the VHF and UHF bands offer 
Below 30 MHz 

Current Focus of Research Work 

We are presently gathering data and information relevant to the problem at 
hand, in preparation for conducting more detailed study than that possible to 
date. 

Plans for FY-80 

Based on the results of Lhe aforementioned modest survey and the recom- 
mendations of the Tullahoma Workshop (Christensen et al, 19791, we plan to ad- 
dress noise background and propagation effects in greater detail in the coming 
fiscal year. 

be identified. Also, the source radiation characteristics must be established 
in terms useful for the definition of system design requirements. The charac- 
teristics of interest include the spectral distribution, spectrum occupancy, 
spatial and temporal variations, amplitude and time statistics, polarization, 
directionality, and waveforms. (Background data for ground-based man-made 
radio noise is given in Herman (1979).)  

refraction, reflection, scattering, focussing, dispersion, Faraday rotation, 
distance attenuation, and temporal/spatial variations. Also, the effects of 

Noise sourcesJ their relative importance and spatial distributions need to 

Known propagation effects that need to be considered include absorption, 
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scintillation should be investigated, as this represents an unknown quantity at 
present. VHF/UHF signals (up to at least 6 GHz) transmitted from satellites to 
ground suffer.severe scintillation due to ionospheric irregularities, especially 
in auroral and equatorial latitudes. If reciprocity holds in trans-ionospheric 
propagation, as we assume it does, the terrestrial radiations received at the 
satellite will be similarly affected. Whether or not the effects will be severe 
enough to mask a desired lightning signature needs to be ascertained. 

Once the radiation characteristics and propagation effects are established, 
the received signal characteristics at the lightning-detection satellite can be 
described for the undesired background, and to some extent for the desired 
lightning signal as well. 

tion of the design and operational requirements to be imposed on the rf system 
for lightning detection. 

The body of information thus generated Will serve as a basis for defini- 

Recommendations for New Research 

Considering that the FY-80 effort will establish bounds on the system for 
normal operational requirements, it appears that follow-on research in the fol- 
lowing areas will help to optimize system performance: 

Refinement of transient noise and interference characteristics to pro- 
vide for development of hardware or software techniques designed to minimize 
"false alarm" rate, and/or rejection of contaminated data. 

of background noise and interference for comparison with projected results from 
extrapolated ground-based data. 

programs for frequencies especially above 100 MHz to refine the estimates of 
background noise and desired signal characteristics at satellite altitudes of 
interest. 

counters) with satellite optical measuremnts for "ground truth" assessments. 

ning and severe storms to determine the probable performance of a combined 
opticallrf system. 

quate to make accurate predictions of the formation, growth and subsequent move- 
ment of severe tropical disturbances. 
vestigate the possibility that electrical forces might play a role, 

Using instrumented aircraft, the comparative electrical activity associated 
with tropical depressions, tropical storms, and hurricanes could be established. 
Atmospheric electrical conditions in the vicinity of and at times of these 
sequentially developing phenomena should also be investigated. 

1. 

2. Analysis of rf data from existing satellites to obtain in situ estimates 

3.  Utilization of rf lightning and noise data from ongoing ground-based 

4. Comparison of ground-based rf lightning measurements (e.g. flash 

5. Comparison of previous satellite optical and rf measurements of light- 

Additionally, it appears that meteorological considerations alone are inade- 

It would therefore be interesting to in- 

References 
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Title: Lightning Mapper Optical Team Plans 

Investigator: Dr. William Wolfe 
University o f  Arizona 
Tucson, AZ 85721 

Design Attempts: 

A. Using a single ch ip  (TI 800x800, 20 pm) 

1. Global - 1 9 O ,  15 km 
2. Conus + , 8 km 
3. Best Resolution (1-4 km) 

B. Multiple chips, varied chips 

1. Global, best resolution 

C. Linear Array 

1. Define problems 

D. Spectral Analyzer 

AX = 50A, A t  = 2ps, Ax - > 10 km 

Design Issues: 

A.  CCD properties 

B. Background discrimination 

1.  Spectral 
2. Temporal 
3. Spatial 

C. P o i n t i n g  accuracy 

D. Data Handling 

E. Combined systems 
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OUTLINE OF RESEARCH ACTIVITY 
f o r  

NASA/MSFC FY-79 SEVERE STORMS AND LOCAL WEATHER RESEARCH REVIEW 

TITLE: Measurements of in-cloud e lec t r ica l  parameters du r ing  thunder- 
storms by a balloon-borne coronasonde i n  support o f  the Atmos- 
pheric Electr ic i ty  (lightning) and Cloud Physics Program a t  MSFC. 

Atmospheric Sciences Division 
Space Sciences Laboratory 
Marshall Space Flight Center 
Huntsville, Alabama 35812 

INVESTIGATOR: Michael Susko, ES84 

PHONE NO. : 453-31 03 

SIGNIFICANT 
ACCOMPLISHMENTS 
FY79 1.  

i t y  sensor w i t h  a coronasonde c i rcu i t .  The coronasonde was 
flown dur ing  the May 4 ,  1979 thunderstorm i n  Alabama. T h i s  
was reported i n  a memo: 
Electrical Measurements During Thunderstorms 'I 

An AMT-4B radiosonde was modified by replacing i ts  humid- 

"Coronasonde Used to Obtain In-Cloud 

2. A survey o f  the l i t e ra tu re  was made and reported as follows: 
"A Survey of Some Electrical Atmospheric Measurement Techniques ." 

CURRENT FOCUS OF 
RESEARCH WORK S a t e l l i t e  and radar plan-position indicator (PPI) data which 

i l l u s t r a t e  the thundercells a re  being analyzed. 
added to  the coronasonde's e lectr ical  measurements of positive 
and negative charges versus a l t i tude  and the rawinsonde data of 
wind direction and velocity offers considerable promise i n  l i g h t -  
n i n g  and thunderstorm research. 

These data 

PLANS FOR FY80 1. During a thunderstorm, 4 coronasondes will be released 
about an hour apart  from MSFC's Atmospheric Research Facili ty.  
The  rawinsonde system will be used to  track the balloon-borne 
coronasonde. P1 o t s  of a1 t i  tude versus temperature, corona 
current from the coronasonde, wind speed and direction will be 
measured using the Rawin System. 

2. During the thunderstorm, the following data sources will be 
incorporated into the analysis. 

a .  Interpret and analyze the meteorological data,  the 
general synoptic and local atmospheric conditions. 

b. 
(PPI) data dur ing  the thunderstorm. 

Interpret and analyze the radar plan-posi tion-indicator 
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c. 
thunders tom. 

In te rpre t  and analyze s a t e l l i t e  data during the 

RECOMMENDA- 
TIONS FOR 
NEW RESEARCH Since the data from t h i s  research i s  j u s t  a point  on the 

global scale, the need t o  understand the global p ic tu re  o f  
the mechanisms tha t  go i n t o  the production o f  severe storms, 
l igh tn ing  and tornadoes i s  necessary. Some o f  the ex is t ing 
questions are: Can small clouds produce l ightn ing? Can 
warm clouds produce l ightning? Also, i n  the middle lat i tudes, 
not much i s  known about l igh tn ing  associated w i th  f ron ta l  
storms. Better corre lat ion between atmospheric e l e c t r i c i t y  
and storm systems w i l l  lead t o  improved predict ion. 

Since corre lat ion between 1 ightning and prec ip i ta t ion  pro- 
cesses, between 1 igh tn i  ng and convection, and storm severi ty 
are necessary, observations from space and ground t r u t h  data 
from the coronasonde may answer some o f  the above questions. 
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C. MESOSCALE/STORM DYNAMICS RESEARCH 
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Ionospheric .. Severe Storm Coupling 

Inve s ti gat0 r s : 

Robert E. Smith 
ES81, Marshall Space Flight Center, A L  35812 
(205) 453-3101 

Ru J. Hung 
University of Alabama in Huntsville, AL 35807 
(205) 895-6077 

George S .  W e s t  
ES83, Marshall Space Flight Center, AL 35812 
(205) 453-1557 

For  the past several years we have been monitoring the F -region 
of the ionosphere with an HF CW Doppler Array located in North Alabama. 
The system is described in detail in another paper (G. S .  West)  in  this 
document. These data a r e  
subjected to both spectral and cross-correlation analyses to identify the 
characteristics of the wave perturbations that are contained in the obser- 
vational data. 
that waves with periods of 3-5 and/or 7-9 minutes were present when 
thunderstorms with tops that penetrated the tropopause were nearby. 
our research activities continued we found that waves with periods of 
10- 15 and/or 25-30 minutes were present when tornadoes were occurring. 
We also had an opportpnity to analyze data that contained waves which we 
were able to associate with Hurricane Eloise. 
25-30 minutes also. 

A typical data record is  shown in Figure 1. 

Our earliest results confirmed those of other investigators 

A s  

These waves had periods of 

We added a reverse ray tracing computation to our data analysis tech- 
nique and subsequently were able to identify the probable locations of the 
sources of these waves with the 10-15 and 25-30 minute periods. 
cases analyzed the waves were generated at locations where tornadoes 
touched down more than one hour later. Our continued analyses of NOAA 
radar maps, weather maps, and GOES/SMS satellite cloud imagery showed 
that these source locations were where convective storms had penetrated 

In all 
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the tropopause and convective overshooting turre ts  were present. 
However, there were other areas  where o-Tershooting turrets  were 
present that did not generate these waves - and tornadoes did not 
occur either, We have shown that overshooting turre ts  are a nec- 
essary condition. Now we are trying to identify the sufficient con- 
ditions. 

Complete data sets  suitable for these analyses a r e  fairly rare.  
The data set for the May 29, 1977 Oklahoma tornado is suitable and 
our analyses will be directed toward identifying the waves with 3-5 
and/or 7-9 minute periods from the thunderstorms preceding the 
tornado and then attempting to identify some precursor signal that 
would warn when the waves with 10-15 and/or 25-30 minute periods 
were going to start,  
describes the status of our current studies on this storm. 

Another paper in this document (R,  J. Hung) 

The data set for January 13, 1976 should also be examined in more 
detail. 
radar and weather maps signatures. 
Illinois and Indiana generated waves with 25-30 minute periods and 
several tornadoes while the southern squall line through Mississippi 
did no+ generate either waves or tornadoes. 
for providing answers to the questions of what is sufficient for tornado 
gene ration. 

On this day there were two squall lines with almost identical 
The northern squall l ine through 

This study has the potential 

Since the waves a r e  generated prior to tornado touchdown, our 
research activities will also continue to investigate the feasibility of 
an advance warning system; however, a t  the present time obstacles 
to development of such a system a r e  large and solutions not too apparent. 
We hope that our efforts will uncover new signals which can be used to 
implement an advance warning system. 
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TITLE: IONOSPHERIC REMOTE SITES AND OPERATIONS 

PRINCIPAL INVESTIGATOR: George S. W e s t ,  Jr., NASA/MSFC, 
ES83, 205-453-1557 

ACCOMPLI SHMENTS FY - 7 9 

During 1979 p l a n s  have been t e n t a t i v e l y  formulated 
for  acquir ing a remote s i te  located a d j a c e n t  t o  UTSI 
a t  Tullahoma, Tennessee. This  site a c q u i s i t i o n  would 
give t h e  system better coverage e s p e c i a l l y  for severe 
s t o r m  phenomena. F u r t h e r ,  du r ing  1979, action f o r  needed 
hardware for t e s t i n g  of a new method of t r ansmi t t e r  
ope ra t ion  and d a t a  handl ing  have been made. 

CURRENT FOCUS OF RESEARCH WORK 

The c u r r e n t  focus  of r e s e a r c h  work i s  on severe 
storm data acqu i s i t ion .  

PLANS FOR FY80 

Cont inua t ion  of t h e  work now i n  progress and improvement 
of  t h e  system which i s  now underway. 

RECOMMENDATIONS FOR NEW RESEARCH 

New r e s e a r c h  i n  a d d i t i o n  t o  t h e  con t inu ing  work of 
D r .  Hung, UAH w i l l  be undertaken by D r .  Balachandran, Lamont- 
Doherty Geological  Observatory w i t h  h i s  data a c q u i s i t i o n  
systems. Both t h e  MSFC system and t h e  Lamont System w i l l  
exchange d a t a  and r e s u l t s  p a r t i c u l a r l y  on s p e c i f i c  d i s t u r b a n c e s  
monitored by bo th  systems. 
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T i t l e :  ---- - Acoustic and g r a v i t y  waves i n  t h e  n e u t r a l  atmosphere and 
t h e  ionosphere, generated by severe  storms. 

Investigator: --------I_- Nambath K. Balachandran, Lamont-Doherty Geological 
Observatory of Columbia Univers i ty ,  Pa l i sades ,  N. Y. 10964 
Phone: 914-359-2900, X 355. 

S i x n i f i c a n t  -I_--------- Accomelishments - - 1- -----e FY-79: -- - 
6r A p r i l  1979. In f rason ic  s i q n a l s  f r o m  a f e w  thunderstorms have 

The p r o j e c t  started a t  t h e  end 

been-recorded. 
is a rarefaction; i n  agreement with t h e  theory of t h e  genera t ion  
of sound due t o  t h e  c o l l a p s e  of t h e  electrostatic f i e l d .  The 
dominant r a r e f a c t i o n  pu l ses  have per iods  i n  t h e  range of 0-4-lsec,  
wi th  amplitudes of t h e  order of 1 N / m 2 .  The s i g n a l s  are found t o  
be highly directional; beamed almost s t r a i g h t  down from t h e  source.  

The dominant p a r t  of t h e  vast ma jo r i ty  of s i g n a l s  

A d e t a i l e d  case study of g r a v i t y  waves generated by severe 
thunderstorms has been completed. Thunderstorms wi th  tops ,  as 
de tec ted  by rada r ,  up t o  58,000 f t .  i n  t h e  Eastern Ohio-Pennsyl- 
vania  area generated g r a v i t y  waves which propagated genera l  
t h e  east. 
of about 4 hours (with an inc rease  of p ressu re  of more than 3 mb 
i n  1 5  min.) 
t h e  range of a f e w  minutes t o  a f e w  hours. 
were cietected by s tandard weather bureau microbarographs and t h e  
q u a s i  s inuso ida l  h igher  frequency o s c i l l a t i o n s  by more s e n s i t i v e  
microbarovariographs. The waves w e r e  a s soc ia ted  wi th  t h e  cold  
outflow of t h e  d i s s i p a t i n g  thunderstorms. The waves travelled 
long d i s t a n c e s  of t h e  o rde r  of a 1000 Km. It is found t h a t  t h e  
waves travelled with a v e l o c i t y  equal  t o  t h a t  of t h e  wind j u s t  
below the  tropopause level .  The propagation w a s  found to  be non- 
iso t ropic- no waves w e r e  de tec ted  t o  t h e  w e s t  of t h e  genera t ing  
area s ince  t h e  wind a t  t h e  tropopause level w a s  wester ly.  The 
l a y e r  below t h e  tropopause w a s  found t o  be cond i t iona l ly  uns table ;  
t h i s  condi t ion  along wi th  t h e  c r i t i ca l  l e v e l  ( s t e e r i n g  l e v e l )  
produced duct ing  condi t ions  f o r  t h e  waves. 

The waves cons is ted  of a p ressu re  pu l se  wi th  a dura t ion  

as w e l l  a s  s inuso ida l  o s c i l l a t i o n s  with pe r iods  i n  
The pressure  pu l ses  

The g r a v i t y  waves generated new thunderstorms along t h e i r  
path.  Thunderstorms w e r e  repor ted  a t  va r ious  s t a t i o n s  soon a f t e r  
t h e  passage of t h e  waves. For example, New York r ada r  repor ted  
thunderstorms with echo- tops up t o  38,000 f t ,  i n  t h e  v i c i n i t y  of 
Harrisburg,  Pa., roughly an hour after t h e  passage of t h e  waves 
a t  t h a t  s t a t i o n .  Varying amounts of  r a i n f a l l  w e r e  repor ted  from 
s t a t i o n s  a l l  along t h e  r o u t e  of t h e  waves. Strong wind s h i f t s  
were also reported.  A crude c a l c u l a t i o n  of t h e  wave phase vefo- 
c i t y  employing t h e  impedence r e l a t i o n  f o r  g r a v i t y  wave, wi th  t h e  
use  of windshi f t  as o r b i t a l  speed due t o  t h e  waves and t h e  p ressu re  
change (per turba t ion)  recorded on t h e  microbarograph, gave good 
agreement with the observed phase v e l o c i t y ,  
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There seems to  be clear evidence, i n  the  present  case, t h a t  
the grav i ty  wave d id  trigger thunderstorms-the propagating 
w a s  very d i s t i n c t  f r o m  the  pressure e f f e c t s  associated w i t  
development of new thunderstorms. A l s o ,  t he  wave w a s  no t  d i ss ip-  
ated by the convective a c t i v i t y ,  t h e  wave progressed without 

f i c a n t  change i n  shape or amplitude to generate new storms 
eas w i t h  proper d i s t r i b u t i o n  of temperature and humidity. 

Current Focus of Research Work: 
z a b l i s h m e n t  Gf-Ehe DopFiezunder  a r r ay  and collection of 
ionospheric data; ana lys i s  and in t e rp re t a t i on  of infrasound 
s igna l s  f r o m  thunder, and ana lys i s  and in t e rp re t a t i on  of grav i ty  
wave data a t  ground level. Satellite p i c tu re s  are studied f o r  

ave case t o  determine grav i ty  wave parameters a t  

The cur ren t  object ives  are, 

ud level,  whenever condit ions are appropriate,  

- 8 0 :  During t h i s  period we  plan to  complete the  
t he  3-dimensional array of Dopplersounders. The 

acoust ic  s igna l s  of thunder frok- t h e  troposphere 
w i l l  be studied. The other aspect  of t h e  
w i l l  be t h e  de tec t ion  of grav i ty  waves f r o m  
t rac ing  techniques w i l l  be employed t o  locate 

ic  source of t h e  waves and r e l a t i onsh ip  w i t h  severe 
ata w i l l  be compared w i t h  the  data from the  NASA 

ar ray  a t  Huntsville.  Satellite p i c tu re s  and f i lm 
employed t o  study the  wave characteristics between 
e l  and ionospheric level .  

r ay  of microphones w i l l  be es tabl ished to locate t h e  
study t h e  movement of t h e  source of t h e  infrasonic  

r o m  thunder e Theoretical s tud i e s  w i t h  appropriate models 
arged region t o  explain the  characteristics of t h e  
s igna l s  w i l l  be undertaken, I n s t a l l a t i o n  of an electric 

study of the  r e l a t i onsh ip  of t h e  electric f i e l d  
s igna l s  w i l l  a l s o  be made. 

v i t y  wave aspect, we w i l l  extend the  work on the  
evere storms by g rav i ty  waves, Satellite p ic tu res  

oops w i l l  be employed. 

------- Research: (1) Relationship of the  charge 
c r ad i a t i on  on t h e  source and 

asound s igna l s  E r o m  thunder, 
r b o l t s  have been detected by satellites. 
rated by such l igh tn ing  should L e  studied 

( 3 )  Coordinated study of Doppler radar, ground l e v e l  micro- 
raphs, Dopplersounder and satel l i te  data t o  determine i f  the  
ersounder w i t h  any other  data source could be e f f ec t ive  i n  

predict ing t h e  touchdown region of tornadoes. 

J 
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Title: Gravity Waves and Severe Storms 
Research Investigators: 

R. J. Hung, The University of Alabama,in Huntsville, AL 

R. E. Smith, NASA/Marshall Space Flight Center, AL 

G. S .  West, NASA/Marshall Space Flight Center, AL 

Telephone: (205) 895-6077 

Telephone: (205) 453-3101 

Telephone: (205) 453-1557 
Significant Accomplishments FY-79: 

with severe storm activity show a coupling between the troposphere and 
the ionosphere. It has been well-recognized tihat gravity waves can be 
excited by penetrative convection. Our study reveals that gravity waves 
associated with severe storms are excited at the squall line and in 
isolated clouds with enhanced convection in which Gossard and Sweezy 
(1974), Stulll (1976), etc., have suggested that these mechanisms could 
excite gravity waves. 

analyzed. These three types are as follows: (1) gravity waves associated 
with a group of tornadoes (e.g., April 3, 1974 tornadoes in mideastern 
United States); (2) gravity waves associated With isolated tornadoes with 
the presence of a squall line (e.g., January 1 3 ,  1976 tornadoes in 
Indiana, and November 20, 1973 tornadoes in Mississippi, Arkansas and 
Louisiana); and ( 3 )  gravity waves associated with isolated tornadoes with- 
out the presence of a squall line (e.g., May 29, 1977 tornadoes in 
Oklahoma). 

of the gravity waves detected at theDoppler sounder records. Based on 
more than thirty cases of analyses for three types of gravity waves 
mentioned earlier, it is found that the wave sources of gravity waves 
associated with tornadoes were always located on the squall line 'and/or 
isolated clouds with enhanced convection where the tornado touched down 
more than one hour after the gravity waves were excited. 

infrared data has been attempted. 
Current Focus of Research Work: 

gravity waves associated with severe storms are not well understood. The 
thorough understanding of the wave excitation mechanism can be con- 
tributed greatly to the early prediction of severe storms. The study of 
the GOES/SMS infrared (IR) data during the time period between the gravity 
waves were being excited, and the touchdown of the tornado, has currently 
been focused. 

it was found that clouds associated with tornado activity are characterized 
by both a very low temperature at the cloud to$, and a very high growth 
rate of the cold region of the cloud top, the signature of enhanced 
convections in the cloud. Comparison between the gravity wave obser- 
vations and the GOES IR digital analysis shows that gravity waves were 
excited when the cold region of the cloud-to; was growing rapidly. From 
the data available for this analysis, we observe more than one hour 
leadtime before the touchdown of the tornado. *It is also shown in the 
analysis that the lower temperature region of the cloud element collapsed 
before the touchdown of the tornado. This result is in good agreement 
with the aircraft observations of overshooting' tops discusse8 by Fuj ita 

Ionospheric Doppler sounder observations during the time periods 

Three types of gravity waves associated with tornadoes have been 

Ray tracing computation was carried out to identify the location 

The study of gravity wave excitation mechanism by using GOES/SMS 

The necessary and sufficient conditions for the generation of 

Based on the May 29, 1977 case study of the Oklahoma tornado, 
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(1973), Shenk (1974), Black (19771, etc. 
Plans for FY-80: 

Continuation of the research on investigating the characteristics - - 
of gravity waves associated with tornadoes, tk study of wave generation 
mechanism, and the conditions for tornado initiation are planned. 

To give a more specific example, seven gravity waves associated 
with three isolated tornadoes on January 13, 1976 were detected. There 
were two squall lines, one at the north and the other at the south of the 
mideastern United States. 
indicate that all were excited along the northern squall line. Three 
isolated tornadoes were reported along the northern squall line while 
none were reported along the southern squall line. The radar summary 
showed that the echo height at the southern squall line was higher than 
the northern squall line. It is quite interesting to study the wave 
excitation mechanism by investigating the differences in the growth rate 
of the cloud heights and the time rate of change of temperature distri- 
bution associated with convective clouds in these two squall lines from 
GOES/SMS IR data. 

Understanding of the wave triggering mechanisms can be significant 
for developing an early warning system of tornadoes. 
Recommendations for New Research: 

convection more than one hour before the touchdown of the tornadoes. The 
necessary and sufficient conditions for the generation of gravity waves, 
the wave triggering mechanism, the conditions for initiation of tornadoes 
are all not fully understood so far. The combination of study of gravity 
waves from the Doppler sounder array and the study of the growth rate of 
convective clouds and time rate of change of temperature distribution of 
cloud top based on IR digital data from GOES/SMS photographs can be 
significant for the study of the evolution of severe storms. 

Ray tracing of the observed gravity waves 

It has been shown that gravity waves viere excited by enhanced 

..- 

t 
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TITLE: AIRBORNE DOPPLER LIDAR - SEVERE STORMS SYSTEMS 

INVESTIGATORS: J . W . Bil bro 
Mail Code: EC32 
Marshall Space Flight Center, AL 35812 
Telephone: 205 453-1597 

S. C. Johnson 
Mail Code: EC32 
Marshall Space Flight Center, AL 35812 
Telephone: 205 453-3941 

W. D, Jones 
Mail Code: EC32 
Marshall Space Flight Center, AL 35812 
Telephone: 205 453-3941 

E. A. Weaver 
Mail Code: EC32 
Marshall Space Flight Center, AL 35812 
Telephone: 205 453-1597 

SIG N IFICA NT ACCOMPLISHMENTS FY -79: 

All major contracts have been awarded for hardware and software development 
for the test flight. Fabrication of the new signal processor was undertaken as well as 
the preliminary design of the central control unit which w i l l  interface all system components. 
In addition, system simulation was initiated for the purpose of evaluating various algorithms 
for flow field visualization. 

A series of tests were completed under OAST funding using the lidar for Clear 
Air Turbulence (CAT) detection. These data w i l l  provide valuable information for the 
upcoming severe storms tests. 

CURRENT FOCUS OF RESEARCH WORK: 

Hardware modification for system improvements w i l l  continue along with software 
definition and algorithm development. Analysis of the CAT data as i t  applies to the severe 
storms program i s  underway. 

PLANS FOR FY-80: 

The signal processor, scanner, and central controller w i l l  be completed and 
integrated into the system. The transmitter section of the lidar w i l l  be overhauled along 
with much of the system electronics. A new telescope system wif I also be delivered. 
Software for data collection, processing, and display w i l l  be completed, 



RECOMMENDATIONS FOR NEW RESEARCH: 

Following the severe storms test, this system could be utilized for a variety of 
atmospheric measurements such as &tennining the dispersion of the chemicals during 
cloud seeding operation. 

56 



TITLE: 

OUTLINE OF RESEARCH ACTIVITY 
f o r  

NASA/MSFC FY-79 SEVERE STORMS AND LOCAL WEATHER RESEARCH REVIEW 

AWE Sesame '79 

RESEARCH 
INVESTIGATORS: Kelly Hill 

ES84 
Marshall Space F l i g h t  Center, AL 35812 
Telephone (205) 453-2520 

Robert E. Turner 
ES84 
Marshall Space F l i g h t  Center, AL 35812 
Telephone (205) 453-41 75 

SIGN I FI CANT 
ACCOMPLISHMENTS 
FY 79 NASA's Marshal 1 Space F l i g h t  Center (MSFC) participated 

w i t h  i t s  AVE (Atmospheric Variability Experiment) i n  a 
1 arge interagency mesoscale and severe storms experiment 
identified herein as AVE-SESAME '79 (Atmospheric Varia- 
bi  1 i ty  Experiment - Severe Environmental Storms and Meso- 
scale Experiment 1979) , (Hill , et.  a1 . , 1979). A primary 
objective of NASA was t o  support an e f f o r t  t o  acquire 
careful ly  edited se t s  of rawinsonde data dur ing  selected 
severe weather events fo r  use i n  correlative and diag- 
nostic studies with s a t e l l i t e  and radar data obtained 
a t  approximately the same time. 
d u r i n g  six individual 24-hour experiments on both the 
regional and storm scales over a network i n  the Central 
U. S. which ut i l ized approximately 20 supplemental rawin- 
sonde s i t e s  meshed among 23 standard National Weather 
Service Sites.  Included among the s ix  experiments are  
data obtained between 1200 GMT 10 April and 1200 GMT 
11 April, encompassing the formation and development 
period fo r  the tornado producing systems tha t  devastated 
Wichita Fal ls ,  Texas, and other sections of Oklahoma 
and Texas. The  other dates for  which data sets are  
available are  April 19-20, 25-26, May 9-10, 20-21, and 
June 7-8, 1979. 

Data were acquired 

Reference: "NASA's Participation i n  the AVE-SESAME '79 
Program", Kelly Hil l ,  G. Wilson and R. Turner, Bulletin 
American Meteorological Soci ety , t o  be Pub1 i shed November 
1979 
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CURRENT FOCUS OF 
RESEARCH WORK The major focus for the coming months will continue 

t o  be the processing reduction of the rawinsonde data 
from the s i x  experiment periods contained w i t h i n  the 
AVE-SESAME '79 f ield study. Tapes and hard copies for  
each of the cases will be available i n  la te  1979 upon 
request t o  Director, Space Sciences Laboratory, MSFC, 
Alabama 35812. Data from a l l  previous AVE's will be 
available w i t h  a l i s t i n g  of reference publications 
which document the results from various research efforts  
which have utilized these data to  date. 

PLANS FOR FY80 The AVE-SESAME '79 rawinsonde data reduction work will 
be completed. 

If funding is available, a small AVE type experiment 
will be planned and conducted which will provide the 
continuity in our f ie ld  experiment work necessary for 
conducting an extensive f i el d program associated wi t h  
the VAS Demonstration i n  1981. 
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T i t l e :  Relationships Between Severe Storms and Their Environment 

Principal Investigator: Dr .  James R, Scoggins 
Department of Meteorology 
Texas A&M University 
College Station, Texas 77843 
Phone No.: 713-845-7671 

Significant Accomplishments FY-79: 
of air part icles  traversing convective storm regions w a s  completed, 
by Dr.  Gregory S. Wilson is now in publication which presents the resul ts ,  
The study considers convective ins tabi l i ty ,  ver t ica l  motion, the energy source 
of convective storms, and energy processes following parcels traversing severe 
storm areas. 
synoptic and mesoscale systems, 

A study of three-dimensional t ra jec tor ies  
A report 

The resul t s  demonstrate the high degree of interaction between 

A study of satell i te capabil i t ies  w a s  concluded and a report completed. 
study considers RMS errors  i n  the basic variables including temperature, 
geopotential height, wind speed, and mixing ra t io  as w e l l  as errors  i n  derived 
parameters including gradients of the basic variables, advection of temperature, 
re la t ive  vort ici ty,  and lapse ra te  of temperature. It is shown tha t  i n  a l l  
cases errors i n  s a t e l l i t e  parameters =e larger than errors i n  the  corresponding 
parameters determined from rawinsonde data. Resu l t s  are compared with mean 
arid near extreme values of parameters determined from rawinsonde data, and it 
is shown t h a t  i n  regions of near extreme values satelli te data may be used 
quite  effectively t o  determine patterns of the meteorological variables on 
constant pressure surfaces. 

This 

A report t i t l e d ,  "Differences Between Measured and Linearly Interpolated 
Synoptic Variables Over a 12-h Period During AVE IV," by Dupuis and Scoggins 
w a s  completed and printed as NASA CR-3150. Included i n  t h i s  study w e r e  both 
basic and derived variables. A s t a t i s t i c a l  analysis of the differences between 
interpolated and measured values was performed and the vert ical  structure 
investigated both temporally and spatially.  
t i m e  scale less than 12  h exhibited both t i m e  and space continuity and w e r e  
related to  synoptic features. I n  some cases, these systems which would be 
missed ent irely by an analysis  of 12-h rawinsonde data are responsible for  
much of the observed significant weather. 

It  w a s  shown tha t  systems with a 

An MS thesis w a s  completed by M r .  James G. Davis t i t l e d ,  "The Development 
of Convective Ins tabi l i ty  i n  Relation to  Convective Activity and Synoptic 
Systems i n  AVE IV." Also, similar studies for wind shear and ver t ica l  motion 
were completed and are being integrated along with M r .  Davis' thesis  into a 
single report. This study w a s  approached by developing equations which show 
the processes responsible for  local changes i n  the chosen parameters, and 
evaluating the magnitudes of the  various terms i n  the equations t o  determine 
the re la t ive  importance of each process t o  a local change. 
convective instabi l i ty ,  ver t ica l  motion, and wind sheer w e r e  chosen because 
of the i r  relationships t o  convective activity.  

The parameters of 
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Scoggins 
Page 2 
NASA/MSFC Program Review 
Sept, 12-13, 1979 

Rawinsonde soundings were processed for the AVE VI1 experiment and a data 
report prepared, In addition, soundings were processed for the first 
AVE-SESAME day and the processing is underway for the second day. The 
rawinsonde data for these experiments are thoroughly checked to insure 
accurate data for scientific investigations. 

Current Focus of Research Work: 
the tasks described above and primarily on documentation of the research. 

Our current emphasis is on the conclusion of 

Also, emphasis is being placed on the processing of the first two days of the 
AVE-SESAME sounding data, 

Plans for FY-80: 
remainder of the AVE-SESAME data, resume diagnostic analyses of the environment 
of severe storms using AVE, AVE-SESAME, and satellite data, and participate 
in the evaluation of the VAS system, 

Assuming that funding is available, we plan to process the 

Recornendations for New Research: 

1. Prepare an indepth assessment of satellite measurement capabilities, and 
of the utility and interpretation of quantitative satellite data. 

2. Stress improvement (if needed), utilization, and interpretation of 
satellite sounding data, particularly on meso and storm scales, 

3. Emphasize diagnostic studies of mesoscale energy processes, storm formation, 
and storm-environment interacti,ons. 

4. 
forecasting with emphasis on time periods less thari 12 hours, 

Development of mathematical models to explain observed phenomena and for 
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OUTLINE OF RESEARCH ACTIVITY 
fo r  

NASA/MSFC FY-79 SEVERE STORMS AND LOCAL WEATHER RESEARCH REVIEW 

TITLE: Mesoscale Structure and Dynamics i n  Relation to  Severe Storm Development 
RESEARCH INVESTIGATOR: Gregory S. Wilson, ES84 

Atmospheric Sciences Division 
Space' Sciences Laboratory 
Marshall Space F l i g h t  Center 
Huntsvi 1 1 e, A1 abama 3581 2 
205-453-2570 or  FTS 872-2570 

SIGNIFICANT ACCOMPLISHMENTS FY-79: 
I .  

11. 

Determination of Mesoscale Spectral Characteristics of wind components, temperatures, 

Development of a Monthly and Seasonal Severe Storms Climatology for  the U .  S. eas t  

A. 

B. 
111. Diagnostic analysis of the mesoscale aspects of thunderstorm-environment interactions. 

and moisture, using structure functions derived from the entire AVE data base (8 experiments). 

of the Rockies, u s i n g  Manually Digitized Radar (MDR) data. 

storms, and flash floods. 
Relative frequency of occurrence of precipitation, thunderstorms , severe thunder- 

Total time-integrated precipitation from MDR-rainfall ra te  relationships. 

Involved i s  a study of mesoscale conditions prior to  severe storm development (pre-storm 
ef fec ts )  and the effects  of the storms on the i r  environment (feedback ef fec ts ) .  

A. Subsynoptic Analysis 
1 .  Determination of the dynamical aspects involved i n  the interaction between 

l ines  of severe thunderstorms and the i r  environment. 
sate1 l i t e  data u t i l i z i n g  three-dimensional trajectory calculations and budgets o f  moisture, 
sensible heat, and kinetic energy, have been reported i n  the 11th MS Severe Storms Confer- 
ence, i n  the paper "Interactions Between Lines of Severe Thunderstorms and Their Synoptic- 
Scal e Envi ronment. " 

Interactions Determined w i t h  Three-Dimensional Trajectories. 'I 

B. Regional (meso-a) analysis 

These resu l t s ,  determined from AVE and 

2. Completion of NASA contract report en t i t led ,  "Thunderstorm-Envi ronment 

1. 

2 .  
3 .  

Meso-6 analysis (Texas HIPLEX Data) 
1.  

2. Relate resul ts  of 1. t o  conditions a t  the surface. 

Development of a computer-based analysis system for  determining meso-a a t-  

Development of a three-dimensional trajectory package applicable to  1. above. 
Determination of both pre-storm and feedback aspects of severe storm forma- 

mospheric s t ructure and dynamics from surface, rawinsonde (AVE) , and s a t e l l i t e  data. 

tion u t i l iz ing  l .  and 2. above. 
C. 

Computation of the kinematics and dynamics of the meso-6 environment of 
thunderstorms us ing  heat, moisture, and kinetic energy budgets. 

IV. Development of a Medium Range (6-48 h) Thunderstorm and Severe Weather Forecasting 
Case study resul ts  of the system have been reported i n  the 11th AMs Conference on System. 

Severe Local Storms i n  the paper "Medium Range Forecasting of Thunderstorm Location and 
Severity Using Regional-Scale Atmospheric Structure and Dynamics Predicted by the LFM2 
Model.. I' 
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CURRENT FOCUS OF RESEARCH WORK: 

basic variables i n  various space-time domains. 
I. Interpret mesoscale spectral characteristics i n  terms of unresolved variance of 

11. Physical interpretation of radar (MDR) -derived Severe Storm C1 imatology. 
111. Analysis of NASA's AVE IV experiment data w i t h  emphasis on the regional-scale 

results from (111. 2b) above including quantitative calculations from SMS imagery (limited 
scan data) .  

to develop improvements t o  the medium-range severe weather forecast system. 
PLANS FOR FY80: 

SESAME Experiments (6). 

(1973-1 979) and improved analysis techniques. 

produce a descri p t i  ve-dynamical model for both pre-storm and feedback thunderstorm-envi ron- 
ment interactions. 
da ta  including sate1 1 i te-deri ved winds and precipitation rates with mesoscal e accuracy (pro- 
posal submitted t o  NASA for the sa te l l i t e  work). 

thunderstorms , severe thunderstorms, and flash floods) using a predictor-predictand data  
base of LFM2 forecasts and radar (MDR) data and incorporating the severe storm cl imatol ogy 
i n  the procedure. 
RECOMMENDATIONS FOR NEW RESEARCH: 

Implementation of an operational medium-range severe storm forecast system (as 
currently exists) supplemented by real-time satel 1 i t e  data  processed on an interactive 
computer sys tem. 

pheric state d u r i n g  severe weather events. 

environment interactions, t o  include better sub-grid scale parameterization and in i t ia l  con- 
d i  tions as 
measurements. 

IV . Acqui si ti on of a predictor (LFMZ forecast) -predi ctand (MDR radar data) data base 

I.  

11. 

111. 

Expand space-time domain of mesoscale spectral characteristics by analyzing AVE- 

Improve radar (MDR) - derived severe storm climatology using a larger data base 

Integrate diagnostic results from the synoptic, meso-a, and meso-€3 analyses t o  

T h i s  task requires the use of AVE and AVE-SESAME rawinsonde and sa te l l i t e  

I V .  Develop a statistical-dynamical medium-range severe storm forecast system (including 

I. 

11. Comparisons between the diagnostically determined and numerically simulated atmos- 

111. Modifications t o  numerical models, based upon diagnostically determined thunderstorm- 

supplemented by sate l l i te  temperature, moisture, wind and precipitation rate 
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Studies of Frontogenesis Using AVE Data 

David A. Barber, Ass is tant  Professor 
Department of Geosciences 

North Carolina S t a t e  Universi ty 
Box 5068 

Raleigh, NC 27650 

During 1979 our main a i m  has  been the development of a numerical in te r-  
pola t ion 
t h e  terms which r e s u l t  i n  changes of b a r o c l i n i t y  over t i m e .  
considerable e f f o r t  i n t o  the  extension of t h e  Barnes (1973) two dimensional 
technique t o  a f u l l y  th ree  dimensional scheme. The r e s u l t i n g  method, using 
separa te  and unequal weights f o r  vertical and hor izon ta l  d is tances  has the  
advantages of producing analyses i n  which unresolvable fea tu res  may be  
f i l t e r e d  ou t  while considerable d e t a i l  is  s t i l l  retained.  The vertical 
f i l t e r i n g  is espec ia l ly  important i n  the  ana lys i s  of t h e  wind f i e l d ;  s h o r t  
vertical wavelength fea tu res  which normally contaminate hor izon ta l  analyses 
are e f f e c t i v e l y  eliminated. 
are i ts considerable demands on computer s torage  and t i m e .  
a one degree l a t i t u d e  by one degree longitude hor izonta l  g r id  wi th  a twenty 
f i v e  mi l l iba r  v e r t i c a l  i n t e r v a l .  
cover the  AVE I1 area from the  ground t o  100 mb. 

scheme s u i t a b l e  f o r  the  analys is  of atmospheric b a r o c l i n i t y  and 
Ye have put  

Among the  chief  disadvantages of the method 
W e  present ly  use 

This includes some 22,113 g r id  points  t o  

The output of the  program includes g r i d  point  values of p o t e n t i a l  
temperature, u and v wind components, and mixing r a t i o  a t  a l l  g r i d  points .  
From t h i s  b a s i c  output we const ruct  constant  pressure maps at 25 mb i n t e r v a l s  
as w e l l  as cross  sec t ions  along any l a t i t u d e  o r  longitude l i n e  wi th in  the 
analys is  domain. 
vertical ve loc i ty  are a l s o  ava i l ab le  i n  t h e  same form. 

Additional derived q u a n t i t i e s  such as baroc l in i ty  and 

Our current  focus is upon obtaining a clear three  dimensional p i c t u r e  of 
the  ba roc l in i ty  and its temporal va r ia t ion .  
the  computation of terms i n  an  Eulerian frontogenesis  equation toward the  goal  
of improving our understanding of the  motion and development of f ron t s ,  

W e  are a l s o  experimenting with 

Our contrac t  with NASA o f f i c i a l l y  terminated i n  June but w e  hope t o  pre- 
pare  a proposal f o r  continued work along th ree  major avenues. 

F i r s t ,  w e  wish t o  make improvements i n  the  ana lys i s  scheme by more com- 
p l e t e  t e s t i n g  of the  v e r t i c a l  and hor izonta l  weights. 
experimentation coupled with meteorological judgement concerning the  v a l i d i t y  
of the  analyzed f i e l d s .  
th ree  dimensional scheme using p o t e n t i a l  temperature as t h e  vertical coordinate; 
t h i s  should r e s u l t  i n  s i g n i f i c a n t  improvements i n  t h e  hor izonta l  resolut ion of 
f r o n t a l  phenomena i f  it  proves p rac t i ca l .  Further, w e  be l ieve  t h e  method 
holds promise f o r  the  ass imi la t ion of satell i te sounding d a t a  i n t o  a con- 
sis ten t  three  dimensional analys is .  

This requires  numerical 

W e  a l s o  wish t o  perform experiments with a complete 

Second, we have begun examination of f i e l d s  of s t a b i l i t y  index derived 
from the  analyzed f i e l d s  and want t o  apply the  method t o  the  ana lys i s  of severe 
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weather cases. 
reduction of static s t ab i l i ty  preceding severe thunderstorm formation. 

Here, we wan t  to look into the processes which cause the 

Third, we would l i ke  t o  continue studies of the frontogenesis processes 
not only for  the i r  in t r ins ic  interest ,  but also because some of these proc- 
esses, for  example the ver t ica l  motions, are intimately t ied  to the develop- 
ment of severe weather which sometimes accompanies fronts. 
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K i n e t i c  Enerqy Fudcjets i n  Areas 

of I n t e n s e  Convection 

I. 

ff. 

TfI. 

Henry E. Fue lbe r s  

S a i n t  Louis Un ive r s i t y  
?.O.  Pox 8099-Laclede S t a t i o n  

St. Louis, MO 63156 
Phone: (314) 658-3121 

Department of Ear th  anc! A t rosphe r i c  Sc iences  

Goal of the  Research 

Our purpose i s  t o  stufly t h e  k i n e t i c  enerqy ba lance  o f  t h e  environ-  
ments of s eve re  storm a reas .  AVE and S W A W  rawinsonde d a t a  a t  3 h 
i n t e r v a l s  are used as i n p u t  d a t a  t o  the e n e r w  equa t ions  whi le  r a d a r  
and s a t e l l i t e  2 a t a  are used t o  ron i tor  t h e  development and movement 
of t h e  convect ion he ing  stuc?ied. Through t h i s  s tudy  w e  hope t o  
b e t t e r  understanc! how seve re  thunders torms form anc! i n t e r a c t  w i t h  
tFle i r s u r  roundinns . 
Accomplishments rjuring FY-1979 

n,. 

R. 

C. 

D. 

Enerqy studies were performed for t h e  p e r i o d s  of AVE 7 (May 1978), 
AVSSE 1 ( F p r i l  1975) ,  and AVSSE 2 (Yay 1975) when seve re  storms 
occurred.  S t u d i e s  of AVE 3 (February 1975) and AVE 4 ( A p r i l  1975) 
have been conducted p r i o r  t o  FY-79. 

Generation ant! t r a n s p o r t  of k i n e t i c  energy i n  t h e  storm environ-  
men t s  o f t e n  were found t o  be g r e a t e s t  when t h e  convect ion w a s  
n e a r  peak i n t e n s i t y .  

The storm environments o f t e n  were c h a r a c t e r i z e d  by q e n e r a t h n  
of  k i n e t i c  enercry by cross- contour  flow ( t h e  major source)  and 
d i s s i y a t i o n  of enerqy t o  suhrrrid scales (the rcajor s i n k ) .  Synoptic-  
s c a l e  upward t r a n s p o r t  of enexqy ani! upper- level  f l u x  divergence 
of enercry vere conwon. 

Every stom environrrsnt  was n o t  c h a r a c t e r i z e d  by t h e  c o n d i t i o n s  
desc r ibed  i n  C above. 

C u r r e n t  Focus of Research 

A. Seve ra l  a d d i t i o n a l  case s t u d i e s  are underway. These invo lve  
A.YE 0 (Vay 1378) an$ I?VC-S3SAh4E I (Apr i l  1979).  

R. Durincr t h e s e  studies, we w i l l  i n v e s t i c a t e :  

1. Re la t ionsh ips  between s n a t i a l  f i e l d s  of k i n e t i c  cnerqy budget  
terms and t\e l o z a t i o n s  and movements of seve re  stoms. 

2. Synopt ic- sca le  ene r ry  Sudqets  06  i n d i v i d u a l  storm areas. 
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3. Q e l a t i o n s h i p s  between t e n p o r a l  v a r i a t i o n s  i n  t h e  energy 
budget  terms and t h e  l i f e  c y c l e s  of t he  convection.  

4. Rela t ionsh ips  between k i n e t i c  energy v a r i a b i l i t y  and 
storm i n t e n s i t y .  

TV, Plans  For FY-1980 

AVE rawinsonde data w e r e  t aken  a t  3 h i n t e r v a l s  but  are st i l l  
synopt ic- sca le  due to a s t a t i o n  spac ing  of about  400 km. The 19'49 
series of P,VE-SESlil.19 rawinsonde data,  t aken  w i t h  a s t a t i o n  spac ing  
of 200 krn and 100 km, p rov ide  t'ze oppor tun i ty  t o  s tudy  severe storm 
forxr.ation and storm-environment i n t e r a c t i o n s  a t  scales t h a t  p rev ious ly  
w e r e  n o t  pos s ib l e .  Addi t iona l  k i n e t i c  enerqy s t u d i e s  u s ing  these 
unique data sets should be performed, Our p l a n  i s  to  first s t u d y  
t%e s y n o p t i c  scale k i n e t i c  enercry ba lance  i n  i s o l a t i o n  by us ing  o n l y  
t h e  s t anda rd  KWS rawinsonde data and then  t o  s tudl j  t\e subsynopt ic  
s c a l e  budget  by addinq t h e  s p e c i a l  rawinsonde data t h a t  had i n i t i a l l y  
been withheld.  Sa te l l i t e  ani! radar da ta  w i l l  he  used e x t e n s i v e l y  
t o  s tudy  t h e  v a r i a h i l i t y  of t h e  severe storms. 

V. Recommendations for Xcw Research 

A. The s tudy  of subsynopt ic  scale enerqy budse t s  u s inq  AVE-SESAI4E 
data w i l l  ex tend  beyond FY-1980. The work should be cont inued 
so t h a t  cases havinq t h e  best convect ion (about  4 of t h e  6 
periods 1 are i n v e s  ti nated. 

P,, VAS w i l l  provide mesoscale sounding data which w e r e  p r ev ious ly  
n o t  a v a i l a b l e .  T h e s e  thermal  data should be eva lua t ed  for  
"around t r u t h "  by comparinq w i t h  AVE data t o  be collected and 
then  used t o  coppute winds. Spec i a l  a t t e n t i o n  would  be p l a c e d  
on low-level winr!!s since they  h a w  been found t o  he impor tan t  
t o  seve re  stom development. Pccuracy of t h e  de r ived  winds 
should be evaluatec?,  and t h e  a b i l i t y  t o  compute s i f lp le  k inema t i c  
parameters  suc'i a5 i t ivemcnce and v o r t i c i t y  fron, t h e  satell i te-  
der ived  winc's should he i n v e s t i q a t e d ,  C e r t a i n  energy parameters  
also coullJ be computed from the d e r i v e d  win& depend.ing on t h e i r  
accuracy. 

C. Yimerical  stom model l ing,  usincr AVE-SESAME d a t a  as environmental  
boundary cond i t i ons ,  should he undertaken to  s tudy  storm-environ- 
ment i n t e r a c t i o n s  on a f i n e  s c a l e .  S e n s i t i v i t y  s t u d i e s  o f  t h e  
v a r i o u s  i n p u t  parameters  would be perform6 t o  he lp  e x p l a i n  why 
severe storms occu r  on SOIW occas ions  an2 n o t  on others and t o  
help us e x p l o i t  t h e  f i n o r  s c a l z  s a t e l l i t e  data t h a t  i s  becoming 
a v a i l a b l e .  Tlcstl1ts o€ t h e  r m d e l l i n a  s tudy  would help e x p l a i n  
t h e  observed enerqy v a r i a k d l i  t y  i n  tzle va r ious  AVD-SESA:JIE 
cases. 
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T i t l e :  Diagnostics of Severe Convection and Subsynoptic Scale Ageostrophic 
Circula t ions  

Research Inves t igator :  Donald R. Johnson 
Space Science and Engineering Center 
The University of Wisconsin 
1225 W. Dayton S t r e e t  
Madison, W I  53706 (608/262-2538) 

Signif icant  Accomplishments FY-79: (For t h e  period 6/1/79 - 8/31/79) 

The primary t h r u s t  during t h e  initial t h r e e  months of t h e  research 
supported by NASA NAS8-33222 has  been t h e  organizat ion of several e f f o r t s  
i n  ana lys i s  of severe convection and numerical simulation of t h e  mesoscale 
c i rcu la t ions .  Diagnostic analyses using AVE I V  observations of severe 
weather t h a t  developed in t h e  Midwest have been i n i t i a t e d .  The rawinsonde 
da ta  has  been in terpola ted  t o  g r id  po in t s  on a 1' by lo mesh using t h e  
Barnes method and then in terpola ted  from isobar ic  t o  i sent ropic  coordinates. 
A comparison of t h e  height  and temperature f i e l d s  from t h e  in te rpo la t ion  to 
i sent ropic  coordinates with t h e  bas ic  information on i sobar ic  surfaces  is 
being made. 
temporal and s p a t i a l  scales during t h e  in te rpo la t ion  t o  i sen t rop ic  
coordinates. 

Some problems have been encountered in re ta in ing  consis tent  

Two preliminary accomplishments i n  t h e  numerical modeling area are: 
t h e  i n i t i a l i z a t i o n  of momentum from t h e  assumed mass d i s t r i b u t i o n  using a 
steady state model f o r  propagating jets  has  been successful ly  ca lcula ted  
f o r  one case; t h e  second e f f o r t  involves t h e  design and t e s t i n g  of a 
f i n i t e  d i f fe rence  method f o r  insuring momentum conservation during calcula-  
t i o n s  of t h e  pressure  gradient  force. The method is a combination of a 
scheme proposed by P h i l l i p s  t o  minimize t runcat ion e r r o r s  in regions of 
va r iab le  t e r r a i n  and t h e  determination of t h e  pressure  gradient  fo rce  from 
surface  pressure  stresses. I n  a comparative study with four  o ther  methods 
t o  c a l c u l a t e  t h e  pressure gradient  force ,  our modificat ion of P h i l l i p s '  
scheme suppresses spurious exc i t a t ion  of no i se  and y i e l d s  t h e  bes t  r e s u l t s  
f o r  jets propagating over mountainous terrain. This later work r e s u l t s  
from cooperat ive e f f o r t s  with D r .  Louis Uccellini of Goddard. 

Current Focus of Research Work: 

The focus of t h e  research work is t o  study t h e  forc ing of severe storms 
by t h e  combination of l a r g e r  scale mass-momentum adjustment, release of l a t e n t  
heat and boundary processes through use  of t h e  AVE da ta  set and numerical 
simulations. Through numerical simulation t h e  relative importance of t h e  
components of ageostrophic motion associated w i t h  inert T a l ,  i s a l l o b a r i c ,  
d i a b a t i c  and viscous processes w i l l  be ascertained.  

Plans f o r  FY-80: 

The e f f o r t s  during FY-80 w i l l  be t o  continue with t h e  work i n i t i a t e d  
during t h e  p a s t  t h r e e  months. 
higher temporal and s p a t i a l  resolut ion of t h e  AVE I V  rawinsonde d a t a  w i l l  be  

The case study of the severe weather using t h e  

67 



continued i n  order t o  study the  r e l a t i v e  r o l e  of i n e r t i a l ,  i sa l lobar ic  and 
diabat ic  processes in the  forcing of ageostrophic motion. The va l id i ty  of 
estimates of l a ten t  heat determined from the  isentropic equation of 
continuity w i l l  be checked against parameterization of t he  release of l a t en t  
heat determined from the observed precipi ta t ion d i s t r ibu t ion  during t h i s  
period. The focus of the  research in  numerical s tudies  w i l l  be t o  
incorporate degrees of freedom fo r  moist adiabatic and viscous processes in  
t he  Uccellini, Johnson and Schlesinger hybrid model. Early var ia t ions  of 
t h i s  model used t o  study mass momentum adjustment w e r e  developed fo r  
adiabat ic  inviscid mot ion. Comparative numerical simulations w i l l  be 
designed t o  study the  r e l a t i ve  importance of terrain, f r i c t i o n  and release 
of l a t en t  heat i n  the  development of severe weather through an assessment 
of the  ageostrophic c i rculat ions  realized i n  numerical simulations. 

Recommendations fo r  New Research: 

As the  data fo r  the  SESAME period becomes available,  comparative 
diagnostic and numerical s tudies  of mass momentum adjustment are recommended 
for t h i s  data set. The goal is t o  ascer ta in  1/ the processes important fo r  
the development of deep convection, and 2/ the  modes through which the  mass 
circulat ions  attending deep convection become linked t o  la rger  scale  
c i rculat ions .  
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T i t l e :  S p e c t r a l  C h a r a c t e r i s t i c s  of  Mesoscale Var i ab l e s  

I n v e s t i g a t o r s :  George H. F i c h t l  
Mail Code: ES82 
Marshal l  Space F l i g h t  Center ,  AL 35812 
T e l :  205/453-0875 
Greg Wilson (USRA) 
Mail Code: ES84 
Marshal l  Space F l i g h t  Cente r ,  AL 35812 
T e l :  205/453-2570 
Robert Turner 
Mail Code: ES84 
Marshal l  Space F l i g h t  Cente r ,  AL 35812 
T e l :  205/453-4175 

S i g n i f i c a n t  Accomplishments FY-79 :  The behavior  of  Eu le r i an  
frequency s p e c t r a  of  mesoscale v a r i a b l e s  (zona l  (u) and 
mer id iona l  (v) wind components, p o t e n t i a l  temperature  ( e )  , 
and mixing r 2 t i o  (m) ) f o r  r a d i a n  f r equenc ie s  i n  t h e  i n t e r -  
v a l  0 .25<w< l r a d  h r - ’  have been determined f o r  t h e  AVE 1 
through 7 and AVSSE 1, 2 d a t a  se t s .  T i m e  domain s t r u c t u r e  
func t ions  were determined f o r  each v a r i a b l e  f o r  each d a t a  
se t  f o r  s e l e c t e d  p r e s s u r e  l e v e l s  ranging between 975 and 
400 mb. The s t r u c t u r e  func t ions  werecalculated f o r  t i m e  
l a g  T ranging from 3 t o  2 4  h r .  These f u n c t i o n s  were cha rac -  
t e r i z e d  by power l a w  behavior ,  ~ q - ’ ,  where q>1  and depends 
on p re s su re  l e v e l .  
t rans form theorem i t  i s  shown t h a t  t h e  corresponding spec -  
t r a l  d e n s i t y  f u n c t i o n s  a l s o  have power l a w  behavior  given 
by w-9. The va lues  of qu,  qv, and qo t y p i c a l l y  range between 
1 . 6  and 2 . 1  wi th  somewhat s imilar  v a r i a t i o n  wi th  a l t i t u d e ,  
i . e . ,  maximum va lue  i n  t h e  neighborhood of 975 mb and tending 
t o  t ake  on cons tan t  v a l u e  above t h e  SO(! mb l e v e l .  The q u a n t i t y  
qm ranges between 1 . 3  and 2 . 1  and a l s o  t a k e s  on maximum va lue  
n e a r  t h e  ground, i n  t h e  neighborhood of t h e  950  mb l e v e l ,  
bu t  decreases  d rama t i ca l ly  w i th  he igh t  above t h i s  l e v e l .  The 
mesoscale s p e c t r a l  behavior  f o r  t h e  zonal and meridional  
winds have va lues  of q approximately equal  t o  those  of 
corresponding synopt ic  s c a l e  Eu le r i an  frequency s p e c t r a  pub- 
l i s h e d  by Kao e t .  al. (JAS, 2 7 ,  1970).  

Current  Focus: To o b t a i n  and e x p l a i n  s p e c t r a l  c h a r a c t e r i s -  
t i c s  of mesoscale f i e l d  v a r i a b l e s .  The r e s e a r c h  i s  aimed 
a t  quan t i fy ing  atmospheric v a r i a b i l i t y  i n  terms o f  l eng th  
and time scales f o r  a p p l i c a t i o n  t o  mesoscale f i e l d  program 
planning.  

Through t h e  u s e  of  a w e l l  known Four i e r  

- -  

Plans  f o r  FY -8 0 :  We p l a n  t o  update  t hese  r e sea rch  r e s u l t s  
by inc lud ing  t h e  r e c e n t  AVE-SESAME d a t a  sets.  If f e a s i b l e  
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the analysis will be expanded to include the estimation of 
wave number spectra. Finally, the unresolved variance of 
mesoscale variables will be calculated as a function of 
sampling time and space interval for planning mesoscale 
field experiments. 

Recommendations for New Research: 
equations for mesoscale fields should be pursued. This 
would provide a basis for examining the dispersive properties 
of mesoscale fields, and provide insight relative to ex- 
plaining the measured spectra. 

Development of spectral 
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RESEARCH ACTIVITY: ANALYSIS OF MACROTURBULENCE STRUCTURE AND CORRELATION 
FUNCTIONS 

RESEARCH INVESTIGATOR: Dr. Walter Frost 
FWG Associates, Inc. 
271 -A Lakewood Drive 
Tullahoma, TN 37388 
(615)455-1982 

INTRODUCTION: 

The theory of local isotropic  turbulence has been completely substantiated 
i n  the case of atmospheric turbulence. I t s  area of application increases w i t h  
distance from the ea r th ' s  surface,  since the integral length scale  typical ly  
increases w i t h  height z. 
s h i p  exists between the values of meteorological elements a t  two signif icant ly 
d is tan t  p o i n t s  separated by a distance r or fo r  two suf f ic ien t ly  large intervals  
of time, T; a n d ,  i f  i t  e x i s t s ,  how can i t  be analyt ical ly  expressed. 

A question ar i ses  as to  whether a s t a t i s t i c a l  relation-  

This question has great  theoretical and practical significance. Data about 
s t a t i s t i c a l  macrostructure of meteorological elements have a wide range of appli- 
cations,  i . e . ,  estimating a net of meteorological s ta t ions  and intervals  of 
observation; ordering derivatives of meteorological elements for  simp1 i f ica t ion  
of equations of atmospheric dynamics i n  meteorological investigations; e r ror  of 
interpolation i n  spaceand time of values of meteorological elements re la t ive  to  
construction of a net of points fo r  a numerical analysis and weather prediction; 
f i l t e r i n g  of unnecessary perturbations t o  increase the s t a b i l i t y  of approximate 
solutions for  equations of atmospheric motion; e tc .  
indicate the significance of research related to  s t a t i s t i c a l  relationships which 
ex i s t  between large-scale values of meteorological elements. Although the char- 
a c t e r i s t i c  f i e lds  of meteorological elements concerned w i t h  large synoptic scale 
motion of the atmopshere prove to  be strongly anisotropic i n  a ver t ical  direction 
there a re  grounds f o r  regarding large-scale atmospheric motion as turbulence for  
motions i n  a horizontal plane. Since horizontal scales of atmospheric motion 
are actually f i n i t e ,  i t  is  convenient to  consider the random fluctuations,  f ' ,  
of a given meteorological element, say f ,  from the climatic norm, f ,  as homo- 
geneous and isotropic  i n  the  horizontal plane, i .e .  , 3; = constant. 
this assumption one can derive the functions 
Correlation Function 

All of these applications 

Based on 

- 
Bff(r) = f ' ( x  + r ) f ' ( x )  ; o f 2 =  f "  = constant 

Structure Function 
Dff(r) = [ f ' ( x  i- r)  - f ' ( x ) I 2  

The AVE data const i tutes  one of the most u n i q u e  s e t s  of data f o r  empirically and 
analyt ical ly  investigation of the character is t ics  of these functions. 

RESEARCH CONDUCTED TO DATE: 

The s t ructure function fo r  the u and v velocity components f o r  the AVE 11, 
AVE 111, AVE YV,  AVSSE I ,  and AVSSE I1 data have been computed. A computer 
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program f o r  this computation has been developed. 
t i o n  for  14 pressure levels from 1000 t o  300-MB a re  available f o r  time intervals ,  
T, of 3,  6 ,  9 ,  12, 15, 18, 21, and 24 hours. 
function versus T have been made and empirical values o f  the slope of the 
correlation have been computed. 

Values of the s tructure func- 

Plots of the resulting s tructure 

CURRENT FOCUS OF RESEARCH WORK: 

Computation of the spacial structure function fo r  a l l  AVE data and of the 
temporal s t ructure function fo r  the new AVE/SESAME data. Analysis of the 
processed data t o  provide the information i n  a usable format. 

RECOMMENDATIONS FOR N E W  RESEARCH: 

Both the spacial and temporal s t ructure function and correlation function 
will be computed f o r  a l l  existing data. 
isotropy for  the functions w i l l  be tested as follows. 

The assumption of homogeneity and 

If  7 # const, the assumption of homogeneity and isotropy i s  not sa t i s f ied  
for  the element f ,  i .e., 

- 
Bff(r) = B f f ( x , r )  - f (x)T(x  + r)  (1 1 

The condition of s t a t i s t i c a l  homogeneity should be sa t i s f i ed  t o  an even greater 
degree w i t h  respect to  the normalized f i e ld  $I = f'/cTf since everywhere a2$ = 1. 
T h i s  will also be tested. 

The i n i t i a l  values of the investigatefi meteorological elements contain a 
certain er ror  of observation, d f ,  tha t  is f = f t df where f is the t rue value. 
If  the errors  are  purely random, the i r  mean value equals zero and they do no t  
correlate  w i t h  true values and w i t h  each other; then as can be shown, 
i f f ( r )  = D f f W  +- 26ff2 ( 3 )  

whence 
Dff(0) = 2 q  (4) 

Here 6ff(r)  i s  a s t ructure function constructed according t o  the given observa- 
t ions  of the element f ;  Dff(r) is a true s tructure function of the same element. 
Equation (4)  permits an indirect  evaluation of the mean square of the error  o f  
observation by means of the extrapolation of the curve aff(r)  t o  zero. 
26f2 is found, 

After 

.., 
D f f ( d  = D f f W  - 2v (5) 

i s  also determined w i t h  the parallel  t ransfer  of the empirical curve, aff(r) .  

of observation and an empirical investigation w i l l  be carried ou t .  
The  structure function and correlation function will be corrected for  errors  

Research on the var iabi l i ty  of w i n d  and temperature i n  the f ree  atmosphere 
has shown t h a t  spacial and temporal structure functions of wind velocity and 
temperature i n  the f ree  atmosphere are well approximated by power functions of 
the form: 

f 
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i n  these equations prove t o  be close t o  unity, b u t  further tes t ing  
of t h i s  is necessary. A value of 2/3 f o r  the exponents would occur i f  the theory 
o f  Kolmogorov-Obukhov is extended t o  the case o f  two-dimensional macroturbul ence 
which is considered i n  t h i s  research. 
therefore become 

The spacial and time structure functions 

DgR(r) = 3 x 10'4(ms'2)r ; DRR(') = 6 x 10-4(rn2s-3)~ 

DTT(r) = 2.5 x 10'5(oC2m-1)r ; DTT(~) = 2.1 x 10-4(0C2S-1)~ 

i n  the free atmosphere. The numerical values o f  the coefficients i n  Equation (8) 
are  empi ri cal ly  determi ned. 
a re  t rue fo r  r z 101-103 kilometers and T z 1-24 hours. 

(8) 

I t  has been es tab1 is  hed tha t  these 1 i near dependencies 

Application of the AVE data to  verif icat ion o f  these preceding resul t s  will 
provide new i n s i g h t  and verification t o  existing information re la t ive  to  struc- 
ture functions i n  the atmosphere. 
w i  11 be performed. 

Similar studies o f  the correlation function 

Other studies will be carried out w i t h  the data. The condition of isotropy 
of the random wind f i e ld  will be tested. T h i s  t e s t  will be carried ou t  by 
comparing the data w i t h  the following formula: 

The same analyses a s  applied to  wind velocity will be carried ou t  for  
temperatures. I f  time permits macroturbulence spectra will be computed. 

Y 
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APPROVAL 

SUMMARY OF THE NASA/MSFC FY-79 SEVERE STORMS 
AND LOCAL WEATHER RESEARCH REVIEW 

The information i n  t h i s  repor t  has been reviewed for  technical 
Review of  any information concerning Department of 'Defense content. 

o r  nuclear energy a c t i v i t i e s  o r  programs has been made by t h e  MSFC 
Securi ty Class i f ica t ion Officer. This repor t ,  i n  i t s  en t i r e t y ,  has 
been determined t o  be unclass i f ied ,  

LiAJLJz, &4/ 
WILLIAM W. VAUGHAN 
Chief, Atmospheric Sciende Division 4 

Director, Space 'SciencedLaboratory 
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